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PART 

NUMBER 


3N177 . 

3N183 . 


ACF7032C .7B-2 

ACF7092C.7B-2 

ACF7110C.7B-S 

ACF7170C.7B-8 

ACF7173C.7B-10 

ACF7174C.7B-11 

ACF7175C.7B-13 

ACF7176C .7B-14 

ACF7300C.73-15 

ACF7301C .79-18 

ACF7302C.7B-20 

ACF7310C.7B-22 

ACF7311C .78-24 

ACF7320C.7B-25 

ACF7323C.7B-26 

ACF7363C .7S-2S 

ACF7383C.7B-26 

ACF7401C.7B-28 

ACF7410C.7B-29 

ACF7480C.78-30 


ACF7711C .7B-31 


PART 

NUMBER_ 

AY-3-8550-1 . 

AY-3-8600. 

AY-3-8600-1 . 

AY-3-8615-1. 

AY-3-8700. 

AY-3-8700-1 . 

AY-3-8900. 

AY-3-8900-1 . 

AY-3-9400. 

AY-3-9401 . 

AY-3-9410. 


AY-1-0212.5-s 

AY-1-0212A.5-3 

AY-1-1006.5-22 

AY-1-1007B.5-24 

AY-1-1313.5-8 

AY-1-1320.5-16 

AY-1-2006.5-22 

AY-1-5050.5-20 

AY-1-5051 .5-20 

AY-1-6721/5.5-20 

AY-1-6721/8.5-20 

AY-1-8622.6-10 

AY-3-0214.S-6 

AY-3-0215.5-6 

AY-3-0216.5-6 

AY-3-1014A.8 A-2 

AY-3-1015.8A-2 

n aepi 9-22 

AY-3-8110.4A-6 

AY-3-8112.4A-6 

AY-3-8203.4A-20 

AY-3-8330. 4A-36 

AY-3-8500 . 4B-2 

AY-3-8500-1 . 4B-2 

AY-3-8515-1.4B-23 

AY-3-8550. 4B-14 


AY-5-1013A.8A-2 

AY-5-1016.8B-2 

AY-5-1200A.3-2 

AY-5-1202A.3-2 

AY-5-1203A.3-2 

AY-5-1204A.3-2 

AY-5-1224A.3-5 

AY-5-1230.6-2 

AY-5-1231.6-2 

AY-5-1232.6-2 

AY-5-1233.6-2 

AY-5-1250.6-6 

AY-5-1251.6-6 

AY-5-1315.5-10 

AY-5-1317A.5-12 

AY-5-2376.14-2 

AY-5-3500.9-17 

AY-5-3507.9-12 

AY-5-3510.9-12 

AY-5-3600.14-7 

AY-5-3600PRO.14-13 

AY-5-4007.9-6 

AY-5-4007A.9-6 


AY-5-4007D.9-6 

AY-5-4057.9-3 

AY-5-5053.9-27 

AY-5-5054.9-32 

AY-5-8100. 4A-2 

AY-5-8102.4A-2 


PART 

NUMBER 

AY-5-8461. 
AY-5-9100. 
AY-5-9106. 
AY-5-9110. 
AY-5-9118. 
AY-5-9120. 
AY-5-9200. 
AY-5-9300. 
AY-5-9500. 
AY-5-9801 . 
AY-5-9802. 
AY-5-9803, 
AY-5-9804. 
AY-5-9805. 
AY-5-9806. 


AY-5-9807. 7A-22 

AY-5-9808. 7A-22 

AY-5-9821 . 7A-22 

AY-5-9822. 7A-22 

AY-5-9823. 7A-22 

AY-5-9824. 7A-22 


AY-5-9825. 7A-22 

AY-5-9826. 7A-22 

AY-5-9827. 7A-22 

AY-5-9828. 7A-22 


AY-6-1013. 

AY-6-4016. 


AY-8-1472B.8A-16 

AY-8-1482B.8A-17 


AY-5-8290. 4A-24 

AY-5-8300. 4A-28 

AY-5-8301 . 4A-28 

AY-5-8310.4A-28 

AY-5-8311.4A-28 

AV-5-832Q. .,, 4A-28 

AY-5-8321 . 4A-28 

AY-5-8322. 4A-2B 

AY-5-8324. 4A-28 

AY-5-8410.4A-44 

AY-5-8411.4A-44 

AY-5-8420. 4A-46 

AY-5-8450. 4A-48 

AY-5-8460. 4A-50 


C-598.2-14 

C-599.2-15 

C-683.2-5 

C-683D.2-8 

C-685.2-6 

C-685D.2-8 

C-687D.2-8 

C-689D .2-8 

C-716.2-17 


C-717 .... 
C-717X .. 
C-718 .... 
C-719 .... 
C-720 . ... 
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PART 


PART 


PART 


NUMBER 

PAGE 

NUMBER 

PAGE 

NUMBER 

PAGE 

CC1600 . 

.IDA-24 

LP6000 . 

.10B-2 

RM1600 .... 

.10A-29 



LP8000 . 

.10B-2 

RM1601 .... 

.10A-30 

CF-583. 




RM1602 .... 

.10A-31 

CF-585. 

.2-6 

M-683. 

.2-9 



CF-589. 

.2-7 

M-68S. 

.2-9 

RO-3-2513 . 

.14-20 

CF-593. 


M-687. 

.2-9 

RO-3-2560 . 

.13-8 

CF-594. 

.2-11 

M-689. 

.2-9 

RO-3-4096 . 


CF-595. 

.2-12 

M-3300 . 

.3-32 

R 0-3-5120 . 

.13-12 

CF-596. 

.2-13 

M-3400 . 

.3-18 

RO-3-8316A 

.13-17 

CF-598. 

.2-14 

M-3500 . 

.3-35 

R 0-3-8316B 

.13-17 

CF-599.. 

.2-15 



R 0-3-8316C 


CF-683. 

.. 2-5 

MCI 600. 

. 10A-27 

R 0-3-9316A 

.13-17 

CF-685. 

.2-6 



RO-3-9316B 

.13-17 

CF-687. 

.2-8 

MEM550C. 

.4C-10 

RO-3-9316C 

.13-22 

CF-689. 

.2-8 

MEM551C. 

.4C-10 

RO-3-9332A 

.13-27 

CF-689HV. 

.2-e 

MEM557 . 

.4C-22 

RO-3-16384 

.13-23 



MEM562 . 

.4C-14 

RO-3-20480 

.13-26 

CK3000 . 

.3-7 

MEM616. 

.4C-24 



CK3100. 


MEM636 . 

.4C-28 

RO-5-1302 . 

.13-4 

CK3200 . 

.3-12 

MEM655 . 

.. 4C-32 

RO-5-2240S 

.14-16 

CK3300 . 

.3-20 

MEM 670 . 

.4C-34 

R 0-5-5184 . 

.14-25 

CK3400 . 

.3-12 

MEM680 . 

.4C-36 

R 0-5-8192 . 

.13-14 

CK3500 . 


MEM711 . 

.4C-16 





MEM806 . 

.4C-2 

R0-6-1024/4 

.13-2 

CPI 600 . 

.10A-2 

MEM807 . 

.4C-4 

R 0-6-1024/8 

.13-2 

CP1610. 

.4B-38 

MEM817. 

.4C-6 

R0-6-2048/4 

.13-6 



MEM851 . 

.8B-8 

RO-6-2048/8 

.13-6 

DAI 600 . 

.10A-23 

MEM853 . 

.8B-18 





MEM855 . 

.BB-10 

RO-7-1024/4 

.13-2 

DAC1600 . 

.10A-14 

MEM856 . 

.8B-12 

RO-7-1024/8 

.13-2 



MEM857 . 

.8B-14 

RO-7-2048/4 

.13-6 

ER1105 . 

.12-4 

MEM954 . 

.4C-12 

RO-7-2048/8 

.13-6 

ER1400 . 

.12-9 

MEM955 . 

.4C-12 



ER2050 . 

.12-2 

MEM4956 . 

.4A-14 

S1600. 

.10A-32 

ER2051 . 

.12-2 

MEM4962 . 

.6-15 



ER2401 . 

.12-12 

Contact any Gl 

Sates Office 

SAA1024 ... 

.4A-38 

ER2401A. 

.12-12 

for details on any MEM 

SAA1025-01 

..4A-40 

ER2800 . 

.12-22 

part number not listed here. 

SAA1025-02 

.4A-40 

ER2805 . 

.12-22 





ER3400 . 

.12-18 



SAL1600 ... 

.10A-34 

ER3401 . 

.12-18 

MUX1600 . 

.10A-18 

SBA. 

.9-36 

GIC8000 . 

.10B-8 

PI Cl 650 . 

.10C-2 





PIC1664 . 

.10C-10 

SCI600 .... 

.10A-23 

G1M1NI . 

.10A-20 

PICAL. 

.IOC-14 



GP1600 . 

.1QA-25 

PICBUG . 

PICSIM. 

.IOC-19 

.IOC-17 

SL Series { 

Contact any 




SS Series j 

for details 

1/01600 . 

.10A-26 

PM1600 . 

.10A-28 



IOB1680 . 

.10A-8 

RA-3-4200 .... 


T-1001. 


RA-3-4256 .... 

.11-2 

T-1101 . 


LP1000 . 

.10B-2 

RA-3-4256A ... 

.11-2 

T-1201. 

.4A-10 

LP1010 . 

.10B-2 

RA-3-4256B ,.. 

.11-2 



LP1030 . 

.1QB-2 

RA-3-4402 .... 

.11-10 
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CALCULATORS 

Section 2 

FUNCTION 

□ESCniPTlON 

9V LED 

9V 

FLUOR. 

9V LED 
(DIRECT) 

15V 

FLUOR. 

1BV LEO 

PAGE 

NO. 

8 DIGIT 
BASIC 

4 functions and percent key. 

C-083 

CF-683 

C-683D* 

CF-SB3 

C-583 

2-5/0* 

4 functions, percent key. one-key or multi-key memory. 

C-885 

CF-685 

C-685D* 

CF-S8S 

C-585 

2-6/8* 

6 DIGIT 
ALGEBRA 

4 functions, percent key, x >,,% MX. */-, one-key or mulH-key memory, 
choice of 20 to 29 keys 

CF-687* 

C-687D* 

CF-699 

C-5B9 

2-778* 

4 functions, percent key, x'. Jx. 1/x, •*•/-, one-key or multi-key memory, 
brackets, inch-centimeter conversion, oholcta of 24 to 30 keys. 

CF-689 

C-680D 

CF-689HV 

‘ ■ 

2-8 

9 DIGIT 
BASIC 

4 functions and percent key 

CF-593 

C-593 

2-10 

4 functions, percent key. one-key memory. 

CF-594 

C-594 

2-11 

4 functions, percent key, multi-key memory. 

CF-59S 

C-S95 

2-12 

9 DIGIT 
SCIENTIFIC 

Basic 4 functions, scientific notation, sin, cos, tan. arc Sin. arc cOS, ere tan. memory, square root, pi, natural 
logs. 1/x, e*, memory exchange, degrees and radians, exponent range is 99, choice of 19 lo 35 keys 

CF-596 

C-595 

2-13 

All ihe above plus: 0 to 10 ,: degree trig range, !og 1c , y*. extended digit accuracy ol 
trancendentals. choice cf 21 to 38 keys. 

CF-598 

C-598 

2-14 

Ail the above plus: two levels of parenthesis, x?, %. */-, enoieeof 24 to 41 keys 

CF-599 

C-S99 

2-15 

FUNCTION 

DESCRIPTION 

PART 

NUMBER 

PACKAGE 

FEATURES 

PAGE 

NO. 

8 DIGIT 
PRINTING 

Basic 4 functions and percent, automatic constant in multiply and 
divide, repeat Bdd.'aublracl, decimal select mode, and other 
features. Interlaces with the Olivetti Put 100 dot matrix printer 

Option for use with thermal printing version of PutlOO. 

C-716 

40 DIP 

Accumulator and 4 key memory 

2-17 

12 DIGIT 

Basic 4 functions and percent, automafic constant in multiply and 
divide, repeat add/subtract, decimal select mode, memory-in-use 

C-717 

C-717X 

40 DIP 

Accumulator and Grand Total 
Memories. 

2-1S 

pRIN 1 inu i (aaturos mterlacas vvitn the Shlnshu Seiki Model 310 
j impact printer 

C-718 

Accumulator, item counter, and 
four-key independent memory. 

2-19 

printer- 

display 

INTERFACE 

Adds display capability to the C-717X and C-718 printing 
calculator circuits 

C-719 

28 DIP 

For both LED 

and llourosceni disolays 

2-20 

Adds display capability to the C-716 printing calculator circuit. 

C-720 



1 CLOCK 

:Si 


Section 3 

FUNCTION 

DESCRIPTION 

PART 

NUMBER 

DISPLAY TYPE 

FLASHING 

SECONDS 

ZERO 

BLANKING 

50/60 Hz 
OPERATION 

PACKAGE 

FEATURES 

PAGE 

HO. 



AY-S-1200A 

7-SEGMENT 

FLUORESCENT 


y 

y 

24 DIP 

Direct fluorescent 
display drive. 

3-2 



AY-S-1202A 

7-SEGMENT 

FLOURESCENT 

y 

y 

y 

24 DIP 

Direct flourescent 
display drive. 

3-2 

4 DIGIT 

12/24 hour 

AY-5-1203A 

BCD 

OUTPUTS 

V 4 


y 

24 DIP 

See AY-5-8320 

TV circuit. 

3-2 



AY-5-1204A 

7-SEGMENT 

FLUORESCENT 

- 


y 

24 DIP 

Direct fluorescent 
display drive. 

3-2 



AY-5-1224A 

8CO OR 

7-SEGMENT LEO 


- 

* 

15 DIP 

Zero blanking in 

12 hour mode only. 

3-6 


12 hour dock, 

CK3000 

7-SEGMENT 

PLASMA 

- 

y 

* 

40 DIP 

Snooze alarm, individ¬ 
ual digit drive. 

3-7 


24 hour alarm 

CK31G0 

7-SEGMENT 

LEO 

- 

y 

* 

40 DIP 

Snooze alarm, individ¬ 
ual digit drive. 

3-7 

WITH ALARM 

)2/24 r.cur 
cfock. 24 hour 
alarm 

CK3200 

7-SEGMENT 

PLASMA 

y 

- 

- 

28 DIP 

Snooze alarm, 
duplexed digits 

3-12 


CKJ400 

7-SEGMENT 

LED 

- 

y 

y 

28 DtP 

Snooze alarm, 
duplexed digits 

3-12 

4 DIGIT 
CLOCK RAOIO 

12/24 hour 
clock, 24 hour 
alarm 

CK3300 

7-SEGMENT 

LED 

- 

v* 

y 

20 DIP 

Snooze alarm, du¬ 
plexed diglt3, sleep- 
timer, timeswitch, bat¬ 
tery standby capability 

3-20 

4 DIGIT 

automobile 

CLOCK 

12 heur 
dock 

CK3500 

7-SEGMENT 

LEO 



CRYSTAL 

INPUT 

40 DIP 

Operates directly from a 

3 58MHz TV crystal. Direct 
drive ol LED display 

3-34 


! CALCULATOR MODULES Sec. 2 1 

FUNCTION 

DESCRIPTION 
(SEE ABOVE! 

PART 

NUMBER 

FEATURES 

PAGE 

NO. 

8 DIGIT 
CALCULATOR 

SameasC-683D 

M-683 

Sell-contained mooule 
which requires only ihe 
addition ol a keyboard 
and battery to produce a 

2-8 

Same as C-68SD 

Same asC-687D 

M-685 

M-687 

2-8 

2-8 

SameasC-639D 

M-680 j ”" S 

2-0 


FUNCTION 

DESCRIPTION 
(SEE ABOVE) 

PART 

NUMBER 

FEATURES 

PAGE 

NO. 

4 DIGIT 
CLOCK 

Same as CK3400 

M-340D 

Sell-contained module 
which requires only the 
ndeition of awlchas and a 

3-18 

4 OIGIT 
CLOCK RADIO 

Same as CK330C 

M-J300 

3-32 

4 OIGIT 
AUTO CLOCK 

Same as CK3500 

M-3500 

a working clock 

3-38 

- 


1-4 


frequency 

COUNTER-' 

DISPLAY 


, FREQUENC,' 
|COUNTER/OlSPLAV 
WITH 4 DIGIT 
CLOCK 


Counts Aoispieys AW/FW Iroquei 


Section 4A 


JuJ.SKHz 
| 455KHI 


V/, digll display. WW 2990KHZ. 
SW 29.395MHz. VHP 
299 93MHz, 0 to 90 FM Channel 
indication (European standard), 


Easy lima Sot control*. lO 1 
power consumption. Dn-cl 
ntensity control Clock 
(unctions down to *5V. 


Control circuit: accepts keyboard,-it 
mots inputs to control and 
program sys tem_ 


Scan mode or search mode may al 


OMEGA®: 

92 CHANNEL 
DIGITAL TUNING 
SYSTEM 


is BCD or LED disotflys 


it accuracy tor precise 


t. see ER ',400 EAROM j 


Optional channel selector interlace 
circuit permits preset favorite 
j channel selection. 


.10 DIP ' UP to 20 enannois pre-sot ai 


. . v . vl „ m , AY-3-8Z01 

ECO NOMEG A* 1 ( . 

16 CHANNEL 

DIGITAL__ 

TUNING SYSTEM ) Mem o/y circuit see ER t4CO EAROm] er , 


ECONOMEGA* 0. 
?.Z CHANNEL 
DIGITAL 

TONING SYSTEM 


ON-SCREEN 
CHANNEL'TIME 
DISPLAY SERIES 




| MEM 4955 i 


Conirol/mentory circuit accepis 
direct/remote inputs Is control/ 
program system 


„ 


Venous ciroeits in senes tc display 
cnannel numbers on Tv screen with 
some additionally featuring eitner 
separate ot simultaneous time dis¬ 
play selection ot dupley position 
on screen, automatic display recall 
BCD time inputs isea AY-5-1203A 
clock circuit] 


AY-S-8301 

AY-3-831C 


d EaROM memory in 


ir precise varactor tuning 


j Cnnnncls D-’S or C 


-17. GNO 
M2 GND 


:4 DtP j Channels i 


f Uooer nght screen display 


it comer screen display 


j i 4 bands, mask programmable bahd or channel number 
j display , mask prog r ammable display positions _ 


«OMEGa A ECONOMEGA are trademarks of Gep.oral Inauumi 


| REMOTE CONTROL • 

Section/ 

IA 


DESCRIPTION 

PART 

NUMBER 

POWER 

SUPPLIES 

PACKAGE 

FEATURES 

NO. 

R/C SYSTEM I 

30 Channel Transmitter 

SAA 1024 

9V BATTERY 

16 DIP 

30 ultrasonic control channels. 34-44KHZ, Utilizes a 

4.4MHz TV crysta' for accuracy 

4A-3B 

30 Channai Receivers 

SAA 1025-01 

SAA 1025-02 

♦ 16. GND 

16 DIP 

Power on/of 1 output. 16 TV Chennai shoe Iron (& 5 scares). 

3 analog outputs [0 functions) 

4A-40 

"4A-40 

R/C SYSTEM C 

23 Channel Transmitters 

AY-5-8410 : *15. GNO 

AY-5-8411 ‘ 9V BATTERY 

18 DIP 

23 channels, either iocal control at receiver or remote ContrO'. 

4A-44 


AY-5-8420 \ -15. GND i 14 DIP 

5 or 6 bit modes, error-detection 

4A-46 

R/C SYSTEM m 

30 Channel Transmitter 

AY-B-B4S0 9V BATTERY [ 16 DIP 

30 ultrasonic control i'oquenc/es, Interlaces diredly with 
a 5>6 matrix keyboard 

4A-4B 

16 Channel Receivers 

AY-5-B488 1 i 

--—-——j *12. GNC, -6 18 DIP 

AY-5-6461 1 i 

Interlaces mroclly with OMEGA to digii keyboard inpuls 
plus on/off. recall. 2 analog conlrols (4 functions) 

4A-50 

4A-50 


1-5 








gimini tv games 


Section 4B 


The General Instrument gamo repertoire offers gamemanu'acturers a 
choice of approaches to the marketplace, GIMINI dedicated gama 
chips and the GIMINI cassette programmable game set 
Tne dedicated game chips for 1977 include a choice of Sail ardPaddlo 
games with true game rules, realistic courts, and individual player 
idcntilicatian The Battle gameoffors ail the thrills and excitement ol its 
popular arcade big brother 


flexibility in implementing a programmable system. The game 
'■program" ROM, whlcn can be incorporated ,n a cassette, connects 
directly to (ho system address end data busaos, With this 
ROM/cassotte approach, a llbraiy ot game ROMs car, be developed 
encompassing a multitude of game families. 

Additionally, since the heart of the programmable system Is based on 
the powerful 16-bii CP1600 microprocessor, expanded capabilities 
beyond a "game" function are possible — including heme interactive 
leaching systems, data sloregc and retrieval systems ..in Ollect. a true 
"home computer" 


DEDICATED TV GAMES 

nasi 

GAMES 

PART 

HUMBER 

H 

LINE 

STANDARD 

m 

PACKAGE 

Section 4B 

BALL 8 

Six selectable games lor one 

Tennis 

Soccer 

Squash 

AY-3-8500 

625 


Automatic on-screen scoring, Sound 
generation (hit, boundary, score) 

4B-2 

PADDLE I 

paddle motion. 

Practice 

Rifle Game I 
Rifle Game a 

AY-3-8 SO 0-1 

525 


Selectable paddle size, ball speed, 
rebound angles 

4B-2 

GALL £ 

Six selectable games for one 

Tennis 

Soccer 

Squash 

AY-3-85SU 

525 


All features of the AY-3-6500/8500-1 
with the addition of full two-axis 

40-14 

PADDLE IA 

and verlieal paddle melton. 

Practice 

Rilio Geme l 
Rifle Game H 

AY-3-8550-1 

525 


and player, and "hr. and "miss 
scoring in Practice game 

4B-14 

COLOR 
CONVERTER 1 

Converts the black & white 
video outputs of either the 
AY-3-9500-1 or AY-3-8550-1 
lo a single color composite 
video signal 

... 

AY-3-8S15-1 

525 

16 DIP 

Colors of the background and paddle 
outputs are selectively changed di<- 
echy by the game select" inputs 

Also provides, as an output, 8 

2 045MHz dock for the game cnCu-t 

4B-23 

8ALL & 

Gtgni selectable games for one 

Tenn.e 

Soccer 

Squash 

AY-3-8600 

625 


Automatic on-screen scoring Sound 
generation (hit. boundaiy score) 
Selectable paddle size, (individually 
selectable for each player) ball 

4B-24 

PADDLEU 

and vertical player motion 

Grid ball 
Basketball 
Basketball 
Praciice 

AY-3-8 600-1 

525 


player motion Color-coding of score 
and player Realistic bah service and 
scoring Flashing score as "end o< 
game" indication 

4B-24 

COLOR 
CONVERTER H 

C 5 

video outputs o! the 

AY-2-8600-1 to a single color 
composite video signal 


AY-3-861S-1 

525 

28 DIP 

Colors of the background and paddle 
outputs are selectively changed dir¬ 
ectly by the “game select" inputs 

Also provides, us an ootpul, a buf¬ 
fered 3 579MHz clock lor the game 
circuit 

48-33 


A two player "tank baltie 
gams where each player has a 


AY-3-BT00 

625 


The on-screen "battlefield includes 
anti-tank barricades and expfodmg 

40-34 


forward and reverse speed 
control and a firing button 


AY-3-870O-1 

525 


Unlimited ammunition to a scoring 
limit of 31 "hits." 

40-34 


CASSETTE PROGRAMMABLE TV GAMES 


Section 4B 


The GIMINI chip set provides 
the basis for a user-program- | 
med game senes for up to I Usef 9 am 
eight prayers and featuring: up • deeign foi 
to eight usor-con trolled suc ^ as: 

GIMINI i moving objects. 64 selectable Sail A Paodlo. 

PROGRAMMABLE moving objects, up to 240 ! Aggression.. 

GAME SE T programmable background j Gambling. 

locations, movable back,- I Racing, 
ground field, and display in | etc 
up io six colors plus black and • 
white. 


A variant of tha Gl C.P16D0 microprocessor, the 
CP1610 ia 16-bH unit Utilizing 8 genera! pur¬ 
pose rogisters for fasi and efficient processing pi 
all game data. 

The “program'' ROM organised as 204S « 1C. 
contains alt game "rules", symbol locations, 
color, velocity and direction dala 
The "STIC''. Standard Interface Chip, provides 
the video signals including sync and blanking and 
the manipulation and interaction of all graphics 
data in a non-interlaced pat tern l or the TV , 
The "graphics" ROM organized as 2048 <• a, con¬ 
tains a senes of 8 * 6 dot matrices for a large 
variety of game symbols, bacxground/field 
data, and 64 alpha-numeric characters. 


i ters, 

tie operation, 
quired lor a 


The "woikuig 1 ' memory during game operation. 

A lotal of live 256 * 4 RAMs are required lor e 
combined 256 » 12 and 256 * 8 memory 
complement 

f'GIMINI i$ a trademark of General Instrument Corp 



MUSJC 


V[B»|BSS 

VOLTS 


ViBAVOSS 

VOLTS 


MEM 8 05 
MEM8C7 
MEM817 


P-CHANNEL 

ENHANCEMENT 

MODE 


3N183 


wi¥/wax. | 


TQ-77 

TO-77 

TO-77 


MEM550C 

MEMSS1C 

MEM964 

MEM9SS 


DUAL P-CHANNEL | 
ENHANCEMENT 


MODE 


VlBRIGSS I IDSS | IQSSF j I0|«n» 

VOLTS | jtf , JjA | JM 


PART 

HUMBER 

MEM562 

MEM711 

3N177 


WlfT/MAX. 


VOLTS 


N-CHANNEL 

ENHANCEMENT 


MODE 


V|8fl)0S i VfBB|G1S ! V|BM62S | IDSE I 'SSS j VfiS[tlf(| j rOBIanl I VfS 

VOLTS ( VOLTS j VOLTS j ttifl | riA ! VOLTS j OHMS j MHO 


2.5 ■ TO-7? 

3.0 TO-72 

3.5 Plas'fc 

2.5 TO-72 

- TO-72 

2.5 TO-72 


MEM557 

MEM616 

MEM836 

MEMtiSS 

MEM670 

MEM6BQ 


N-CHANNEL 

OEPLETION 

MODE 


FEATURES 


DESCBIPTIDfi 


NUMBER j FREQUENCY 
AV-1-0212 | 1.5 MHz 

AY- 1 - 0212 A | 2.S MH z 


SU PPLIES 1 PACKAGE 


F UNCTION 


16 DIP i 250KHZ minimum fraauency 


MASTER 
FREQUENCY 
GENERATOR/ 
TOP OCTAVE 
GENERATOR 


Generates a complete octave 
ol musical frequencies 


,5MHz 


'0 to *16. GNDi 16 DIP | 13 outputs. 50% duty cycle 


13 outputs, 30% duty cycle _ 

Stackable lor expanded latching/ 


LATCHING 

NETWORK 

RHYTHM 

GENERATOR 

CHORD 

GENERATOR 

PIANO 

KEYBOARD 


priority 


20KHz j GND, -12. -27 | 40 DIF 


priority function 


latch inputs,‘outputs 


Generates 5 rhythms, drives 0 
instruments__ 


Resets for coupling chords to rhythm! 
32 beat pattern Mask programmable. 


10 KHz 


-S-1317A | 5CKHz 


AY-1-67 21/S 


AY-1-6721/6 


50KH2 


FREQUENCY 

DIVIDERS 


SO KHz 


AY-1-5050 1MHz j GND. -13. -27 

~ AY-1-1007B SOKHz ! GNO, -12, -27 

Operation Is a function of 
AY-9-1000 current through a resistor 
from Vrr. to Injectron input 


3 TO, | Crystal/RC oscillator input, divide 
16 DIP [ by 2'\ 2". 2 ,J , 2". 2 ,|! . or V. 


2>» l 5 L 

Counfer/Divider 


SUPPLIES 


PACKAGE 


BESCBIPTI ON 


FEATURES 


AY-5-12 30 


24 hour programmable repeet- 
CLOCK TIMER able on/oft time switch with 
4 digit clock 


Appliance timer with clock 
Full control of ‘start'' time, 


COOKER TIMER 


ime. or "duration 1 


A coin memory/credll accumu¬ 
lator for use in coin-operated | AY-1-8622 


Seven different ct 
"bonus" features. 


COINBOX 

CIRCUIT 


equipment 


IONIZATION {""Complain 
SMOKE 1 J -‘ 


’'nation smoke 


MEM4962 


detector circuitry 
CMOS LSI_ 


j Mixed outputs, sustain, top key 

| priority , _ 

I 12 keys per unit, loudness propor- 

i Tonal to key press velocity, _ 

! Arranged 2+1 + 1 _ 

', Arranged 3*2 _ 

Arranged 3*2’ 1 _ 

Arren g ed 3 • 2 * 1___ 

Arranged 2 - 2 ♦ i ♦ 1 _ 

Arranged 3 t 2 ■* i - 1 _ 

Arrang ed 3 ■ 2 • 1 » 1. power-on reset 


APPLIANCES / SECURITY _ L Section 6 


Two limed outputs (3 on the AY-5-1251) 
"minute minder" feature. 12 -24 hour system 
temperature setting on AY-5-1261_ 


| produces major, minor, 7lh 

1 chords, walking bass _ 

I Electronically simulates plario 
operation and sound _ 


Section 4C 


50Hz input (50 or 60Hz on AY-5-1231). BCD 
7-segment direct (Increscent display drive 
outputs, zero blanking. 24 hour display (12 
or 24 hour on AY-5-1231) 


MOSFET TRANSISTORS 


On-chip input MOSFET and output driver 
Low battery warning. 









HYBRID ACTIV 


7B 

ITfl 

Of 

UNIVERSAL ACF 7CJ32C 

ACTIVE FILTER , ACF 7082C 

The ACF 7032C and the ACF 7092C tillers are low cost devices which can be used to generate any inter response tow pass, Bana 
pest, Band Rejection. High pass, and All pass (liter responses are available by means of axternel connections. The design 
provides for independent control of Frequency. O, and Amplifier Gain, and is usabia throughout ihe frequency range of iohz 
ro rOKHz. 

7B-2 

i 

3825Hz LPF ACF 7110C 

The ACF 7110C filler provides lor low pass '(flaring of speech frequencies while attenuating the 3625Hz signaling frequency 
to a minimum attenuation ol 42d0. T he reference I.OKHz gain of this filler is OdB with a maximum m-band ripple specification 
plus cr minus 0.idB. 

7B-6 

PCM TRANSMIT 
LPF 

ACFT170C 

The ACF 717QC tiltor has bean designed for PCM transmit applications. This OdQ gam filter provides for a minimum 393B 
attenuation at 4 6KHr and an m-band ripple specification ol plus or minus 0,125dB 

7B-8 

PCM TRUNK 
TRANSMIT LPF 

acf nrsc 

The ACF 7173C fitter has been designed tor PCM • Trunk'' uansmis applications. This variable gam, OdB to 29dB, fc>w noise fillet 
is Ccpabie of exceeding Ihe A.'*. & T, 03 Channel Bank Compatibility specification. This filter provides a minimum attenuatiar 
of 32dB at 4.6KHz, q maximum in-band ripple of plus or minus 0 ids, and i4,5dB minimum attenuation at 60Hz 

7B-10 

PCM TRUNK 
RECEIVE LPF 
& PAM GATE 

ACF 7174C 

The ACF 7174C filter has been designed lor PCM Trunk receive eppiicahona. This variable gain,-IBdB 10 -3.£dB. low noise 
filler is capable ol exceeding ihe A T.4T. D3 Channel Bank Compstioiixy apeoflcslicn. This filler has a self contained Pulse 
Amplitude Modulation (PAMj Gate and Sample and Hold Capacitor for demodulating and holding the inpul ergnai. The filter 
has seen compensated (or a Sin X over X correction and provides a minimum attenuation of 2BdB at 4.6KKZ end » maximum in 
band ripple of plus or minus O.tdB 

7S-11 

PCM LINE 
TRANSMIT LPF 

ACF 7175C 

The ACF 7173C filter has boon designed lor PCM "Line" transmit applications. Thl3 fixed gam, S.2SdB. tow noise fMtor is Capable 
o( exceeding the A.T.&T. 03 Channel Bank Compatibility specification This (titer provides a minimum attenuation of jocB at 
J.6KHZ and a maximum In band ripple of plus or minus 0.3dB and also provides ior DC blocking 

7B-13 

PCM LINE 
RECEIVE LPF 

4 PAM GATE 

ACF 7176C 

The ACF 7176C (liter has been designed (or PCM "Line" receive applications This (ixed gam. 8.2de. low noise filler is capable 
of exceeding the A.T.B.T.D3 Channel Bank Compatibility specification. Th s filter has a seif contained Pulse Amphtuce Modulation 
|PAM| Gate and Sample end Hold Capacitor for demodulating and noldlng ihe input Signal. The filter has been compensated (or a 
Sin X over X correction and provides a minimum attenuation of 28dB at 4.6KHz, and a maximum ir band ripple of plus or 
minus 0 3dB 

7B-14 

0PF & FULL 
WAVE DETECTDP 

ACF 7300C 
ACF 7301C 
ACF 730ZC 

The ACF 7300C/7301C/7302C each consists df a lull wave detector and 3 four (4) pale fixed band width band pass filter 
factory tunable over a center frequency (Fo) range: ACF 7300C - S40Hz to laaOHi. A0F 7301C - 70QHz «j 1700Hz: 

ACF 7302C - 2280Hz lo 3835H; 

7B-16 

7B-18 

7B-20 

3600Hz 0FF 

j Tne ACF 7310C is a shacpty tuned inter designed to detect and pass the 2600Hz signaling frequency. This filler provides for a 
ACF 7310C j minimum attenuation of- 30d8 plus and mlnu3 200Hz, 50dB plus and minus 500Hz. ard 7QdB plus and minus 1003Hz from iho 

1 center frequency cl 2600Hz. 

7B-22 

3825Hr 0PF 

ArF ?3i tr I ACF 7 ®11C is a sharply tun9d filler designed io dated and pasa Ihe 3825Hz signaling frequency Thia niter provldoa lorn 

j minimum attenuation of <0dB, plus and minus 200Hz Iron the canter frequency of 3025Hz 

7B-24 

30D-3400H* BPF 

. „ F 1 The ACF 7320C is a OdB. 300Hz fo 3400Hz band pass filler with art in band ripple specification of plus oi minus 0 l5dB 

h u : maximum The filter provides tor a minimum attenuation ofi6dB at i70Hz and 3750Hz. 

78-25 

DTMF 

TONE DETECTION 
BPF 

ACF T323C 
ACF 73B3C 
ACF T383C 

The ACF 7323C/ACF TSIjSC/ACT 7383C Banc Pass Active Fillers are factory pre-luned fillers designed specifically for lone 
receiver applications These two pole coneianl O liners are available in the standard AT&T Iona frequencies and in ina standard 
multifrequency steps 

78-26 

DIAL TONE 
BAND 

SUPPRESSION 

FILTER 

ACF 7401C 

ACF T4I0C 

The ACF 7401C 'S a dual tuned band suppression filter which has been designed to rejaci frequences of 3S0Hz «nd 440Hz. 
which arc present on a telephone lino. The unit Is totally sell contained and requires no external components for proper operation 
Tna filter provides for OdB insertion loss In I ha pass band of 657Hz through t633Hz. mo normal DTMF lone frequencies 

The filer also prov des for 60HZ altonuahon for low noise operation 

7B-26 

2600H2 BAND 
SUPPRESSION 
FILTER 

The ACF 7«01C is « sharply tuned filter Designed to reject tne 2600Hz signaling frequency. This filler provides lor a minimum 
attenuation of tJOdB plus and minus ’5Hz from the center frequency of 2600Hz 

7B-23 

60Hz NOISE 
SUPPRESSION 
FILTER 

ACF 740OC 1 TneACF7480Cisusharply tuned filler for 60 Hertz suppression. It prnvid« a minimum aifantuotlon of tOdB plus or minus 0.25Hz 

A ! from (no ceniet frequency. The filler is sell contained ano reouiras no external componanti for proper operation. 

7B-30 

DTMF BAND 
SEPARATION 
FILTER 

j Tne ACF 7711 <3 * a dual fitter w-iicn has beer designed to provide channel isolation between Ihe low frequency group of tne 
ACF 7711C | tone IDTMFj frequencies of 941 Hz. and the high frequency group of 1209Hz through 1633Hz. This filter provides fora minimum 
| attenuation of 3oaB for the adjacent frequencies of 941 Hz arc 1209Hz, OdB in ihe pass bands, and 25d8 oul-c(-band attenuation. 

7B-31 


i-e 
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OMMUNIC 

ATIONJ 

■79 

m 

REPLACES 

IPIH-F0RPIN1 

11 - 

BAUD 

RANGE 

m 

MAX. 

FREQ. 

TEMP. 

RANGE 

g§§§ 

POWER 

SUPPLIES 

mill 

PACKAGE 

Section 

8A 

Us 



AY-3-101 s 

AMI SI757 

0 to 30KB 

48 OKI tr 

0 to 70 

^■5, GND 

40 DIP 

1,1.5, or 2 
stop bits 

8A-2 


bit serial/ 

tAY-6-1D13 

SMCCOM2S05 

Ota 22.5KB 

360KH: 

-55 lb +125 

+5. GNO. 


1 or 2step olts 

6A-2 

UAR/T* 

parallel. 


Tl TMS601I 

0 to 40KB 

640KH2 

OtoTO 

- 12 


8A-2 


interface. 

AY-3-7014A 

WD TR1602A 

0 to 30KB 

480KHZ 

0 to 70 

+5 lo +14, 
GNO 

40 DIP 

1,15.0(2 
step bits 

8A-2 

P/SAR 

A programmable 
receiver that inter¬ 
faces variable 
length serial dale 
to a parallel data 
^channel. 

AY-8-1472B 

WD1472B 

0 to 100KB 

100KH7 

0 tn 70 

15, GND. 

• 12 

40 DIP 

Data conver¬ 
sion to for¬ 
mats compat¬ 
ible with all 
standard 

BA-16 

P/SAT 

A programmable 
iransmitler that in¬ 
terfaces variable 
length pu'aite' daia 
to a serial data 
channel. 

AY-B-1482B 

WD1402B 

0 to 100KB 

lOOKHz 

010 70 

r5, GND. 

40 DIP 

Asynchronous. 

mumcations 

media 

8A-17 


tAtso availabto with MIL STO 683 setaeninfl (add eufl x TX to oeti number). 
■&UAB/T is a trademark of General Instrument Corporation- 


MULTIPLEXERS 



. 

Section 3B 


DESCRIPTION 

PART 

NUMBER 

PEAK-PEAK SIGNAL 

INPUT RANGE 

ON 

RESISTANCE 

TEMP. 

RANGE 

SUFFIX/ 

PACKAGE 

PAGE 

*0. 

RANDOM/ 

SEQUENTIAL 

ACCESS 

MULTIPLEXER 

Multiplexes 16 
analog channels, 
with on-chip 
logic control. 

AY-6-1016 

2C Volts 

BOO ohms 

0 to 70 

00 DIP 

8B-2 

t AY-6-4016 

-55 10 *125 

89-2 

mosfet 

ANALOG 

GATES 

4 CHANNEL 

MEM 851 

30 Volts 

100 ohms 

. P/14 Plastic DIP 
»■!"'= DiP 

88-6 

SB-10 

6 CHANNEL 

MEM 855 

25 Volts 

350 ohms 

MEM 856 

40 Volts 

1000 ohms 

-£5 to *125 

(Ceramic DIP. 
F'rrl Pack) 


8B-12 

8 CHANNEL 

MEM 857 

25 Volts 

160 ohms 

P/24 Plastie DIP 
D/24 Ceramic DIP 
F/24 Flat Pack 

86-14 

10 CHANNEL 

MEM 853 

25 V Ohs 

150 ohms 

80-16) 


tAlso available wiih MIL STD 083 screening (add suffix TX to part number). 


INDUSTRIAL 

. 
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Sectior 
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FUNCTION 

DESCRIPTION 

PART 

NUMBER 

MAX. COUNT 
FREQUENCY 

OUTPUT 

CURRENT 

POWER 

SUPPLIES 

PACKAGE 

FEATURES 

m 

4 DIGIT 
COUNTER 

Counts, stores & de- 
codas tour decades 
to BCD outputs. 

AY-5-4057 

500KHr. 


, ... 

+5. GND, -12 

. 

IS DIP 

BCD outputs 

9-3 


AY-5-4007 


_ 


24 OIP 

BCD outputs true/ 
complement control 

9-5 

4 DIGIT 
COUNTER/ 

down), storsa & 
decodes four de¬ 
cades to 7-segmant 

— 

AY-5-4007A 

SOOKHz 

25 mA/V 

t5. GND, -12 

40 DIP 

includes feeutes of 

AY-5-4007 & 4007D 

9-6 

DRIVER 

AY-S-4007D 




24 DIP 

Serial count output, 
three carry outputs 

9-6 

3V6 DIGIT DVM 

DVM logic 

AY-5-3507 

fiOKHz 

8 mA 

GND, -16 

18 DIP 

Range to 1999, 7-seg. outputs 

0-12 

Incorporatirg dual 
ramp integration 

AY-6-3510 


16 DIP 

Range to 1998, BCD outputs 

9-12 

3y 4 Digit DVM 

DVM logic 
incorporating dual 
ramp integration 

AY-5-3500 

SClOKHz 

6 mA 

GND. -7.5, -15 

28 DIP 

3 ranges: 035,1339. 

2999. Dual polarity, 

BCD & 7-seg. outputs 

9-17 

4*1 DIGIT DVM 

DVM logic 
incorporating dual 
ramp integration 

AY-3-3550 

400 KHz 

2.5 mA 

♦5. GND 

40 DIP 

Auto-range, auto-zero, 
auto-polarity, 7-se9ment/ 

BCD outputs, counter mode 

9-22 

10 BIT D/A 
CONVERTOR 

uaaerless d/a 
converter 

AY-5-5063 

SEE DATA 
SHEET 

- 

tS, GND, -12 

24 DIP 

Employs stochastic 
techniques 

0-27 

— 

A/D 

CONVERTOR 

CONTROL 

With AY-5-5D53 
performs A/D with 
transmitter facility 

AY-5-5054 

SEE DATA 
SHEET 

- 

+5. GND, -12 

24 DIP 

For use in remote 
sensing applications 

9-32 

SEQUENTIAL 

BOOLEAN 

ANALYZER 

A simple, single 
bit processor 
which can d rectly 
evaluate a set of 
Boolean equations 

SBA 

600KHZ 

CLOCK 

20 mA 
TOTAL 

+12, *5, 

GND 

40 DIP 

A micrqprogrBmrnoble circuit 
which forms tna basic control¬ 
ling element for many systems 
requiring timing and control 
lunctions. 

9-38 



1-3 








SERIES 1600 MICROPROCESSOR 



Section 10A 1 

function 

FEATURES 

DESCRIPTION 

APPLICATIONS 

PART 

NUMBER 

PACKAGE 

PACE 

80. 

16 BIT 

SINGLE CHIP 
MICRO¬ 
PROCESSOR 

a 8 program accessible 16-bit 
general purpose registers 

■ 87 basic instructions 
□ 4 addressing modes 

■ Unlimited interrupt nesting and 
prionty resolution 

o 16-blt 2's complement anlhmotic 

S logic 

o Direct memory access [OMAi tor 
high speed data transfer 
o 64K memory using single address 

The CP 1000 utilizes third generation mini¬ 
computer arc hi led ure witn eight general 
purpose registers The lg-b'l word en¬ 
ables last & efficient processing oi alpha¬ 
numeric or byte cnented data. The 16-brt 
address capability permits access to 

65.536 words in any combination ol pro¬ 
gram memory, data memory, or 
peripheral devices 

The CP 1600 Microprocessor is designed 
lor high spoed data processing & real time 
applications, Typical applications include 
programmable calculator systems, 
peripheral controllers, process controllers 
intelligent terminals & inttiument?, data 
acquisition and digital communicaiicnf 
processors, numerical coniroi systems, 
crogrammabla TV game systems 

CP 1800 

40 DIP 

10A-2 

INPUT/ 

OUTPUT 

BUFFER 

■ Single 16- Bit or Dual 8-Bil Rails 
lor Bidirectional Inpul/Output 

b Parity Check Logic on Both Rails 

■ Three Levels c ( Priority 

a Automatic Handsnake Logic and 
Signals 

B Control Register 

The IOB 1600 is a byte oriented piog/om- 
mable mpul/oulput butter which, provides 
comprehensive interfacing facilities lor 
tnc CP 1600 microprocessor Data is 
transferred lo and from the peripheral on 

16 bidirectional lines, each cl winch can 
be considered to be an Input or output 

The IO0 1680 enables efficient interlacing 
between a penphoral and the CP 1603 by 
ihe use pi six B-bil registers and a 16-bit 
programmable timer. 

IOB 1680 

40 DIP 

10A-3 

DUAL DIGITAL 
TO ANALOG 
CONVERTER 

■ 10 bit bidirectional data bus 

■ Synchro nous/A6ynchronou» 
loading 

n Manual input mode 

The DAC 1600 contains tour registers 
which can be loaded or read through a 
10-bit I/O data port 

The DAC 1600 Digital (o Analog Con¬ 
verter has been designed lo interface to a 
arocess control loop 

DAC 1600 

do DIR 

10A-14 

18 CHANNEL 
ANALOG 
MULTIPLEXER 

a Connects 1 o* 10 analog inputs 

■ Address latch on-chip 
a 0 to 3 voll input range 

■ Analog output controlled by chip 
select signal 

The MUX 1600 it a binary addressed IS 
chennoi ana'og multiplexer. The MUX 

1600 includes on-chip address latches 
ana separate address strobe and 
chip select signals 

The binary address selection ol the 16 
input channels provides for simplified 
direct control ol cnalog signals by 
the CPiSDO microprocessor chip 

MUX 1600 

36 DIP 

10A-18 

GIMINI 

MICRO¬ 

COMPUTER 

SYSTEM 

a Bull! around the CP 1600 

Microprocessor 

n Complete microcomputer system 

■ Separata Data. Address and 
Cpniroi Buses 

■ Up to 6SK memory space 

■ unlimited DMA channels 

a Nested interrupt system with (ufi 
priority 'itsolution 

The GIMINI utilises a totally modular de¬ 
sign for maximum configurability The sys¬ 
tem provides direct addressing fo 65K 
words, unlimited DMA channels, and a 
multi-tne multi-level nested interrupt sys¬ 
tem with lull pnority resolution and seil- 
idenlifyirig addresses AH control & liming 
signals as well as data & address busses 
are fully buffered 

To simplify microprocessor hardware and 
software development, speed the product 
design cycle & support product protoiyp- 
Ing. a microcomputer development system 
and its associated Components are a must, 
The Senes 1600 family litis these reoulre- 
mcnls with the GIMINi Microcomputer 

GIMINI 


IDA-20 

GIMINI 

SINGLE CARD 
MICRO¬ 
COMPUTER 

■ I6K words of RAM 

■ 4K words o( PROM 

■ Up 10 32 inpul and 32 
output I nos 

n Two UAR/T-RS23? Sena' 

I/O channels 
b Real time clock 

The SC 1600 GIMINI Single Ca'd Micro¬ 
computer provides lull IS-bit processing 
power on a single card The SC'600 
uses (he CP 1600 miemprcccsspr wrm 
all circuitry for a complete ooeraung 

In industrial usage, the SC16C0 can serve 
as the kernel ol a modular expandable pro¬ 
cessing system will! other cards added as 
rcquirco lri consumer applications. (he 
SC1SOO can serve as the basis ler many 
user-programmable systems such as TV 
games, home TV terminals, etc 

SC1500 


10A-23 


SERIES 

3 8000 MICROPR 

OCESSOR 

pm 

APPLICATIONS 


Section 

OB 

a BIT 
MICRO¬ 
PROCESSOR 

■ 2 Chip Minimum System 
(plus clock) 

■ 48 Accessible 8 Bit Registers 

■ 43 Basic Instructions 

■ Binary and Decimal Arithmetic 
b Direct and Indirect input/ 

Output Capability 
b Automatic subroutine nesting on 

The LP PDOC Logic Processor Unit is a 
complete 8-b'l single chip fitOS-LSI 
Microprocessor. K has a modem com¬ 
puter architecture wlh I arty eight general 
purpose internal registers The 8-bil Data 
highway is supplemented by a 6-OH Ad- 

abniiy which permit: access to 

16.384 words 

The Senes 8003 Logic Processor System 
is designed to perform any digital function 
using far fewer oackzges than a TTL or 
CMOS implementation. Typically a ICO 

LP 8000 j 40 OI D 

toe-2 

LP 6000 49 DIP 

IOB-2 

package system can be roduced to a ihree 
Chip solution or LP 8000 Processor, LP 

6000 Program Memory end LP 1030 

Clock Generator Also available IP ’OtO 
I/O Buffer, lP 1000 Memory 

Interface 

LP 1030 8 DIP 

'OB-2 

LP 1010 

40 DIP 

IOB-2 

LP 1000 

40 DIP 

10B-2 



PIC SERIES MICROCOMPUTER 






PART 

NUMBER 

PACKAGE 

B 

1 

8 BIT 

SINGLE CHIP 
MICRO¬ 
COMPUTER 

■ User Programmable 

032 B-Bit Registers 
oSI2x12-Blt ROM lor Program 
b Arithmetic Logic Unit 

B4 sell ol 0 User Defined TTL- 
compaliblc InpuirOutput Lines 
BReal Time Clock Counter 
b Sell contained Oscillator 

■ Access lo RAM Register? 
hcreril In instruction 

Thp PIC 1660 MOS/LSf Circuit airay H a 
byte cnented programmable controller 

The array is a complete chip contrctiac 

program specifying the overall functional 
characteristics and operational wavelDrms 
On ouch ol the general purposo Input' 
output lines 

The array can be programmed to scan 
keyboards, drive multiplexed displays j 

control vending machines, traffic lights 
printers and automatic gasoline pumps 
Since II contains ROM, RAM I/O as well 
as Ihe cenlrul processing lpiI on pno as- , 
vice, the PIC 1650 is truly a complete 8- 
b.l microcomputer on one chip 

' PIC 1650 ! 

<tg DIP 

10C-2 

a bit 

SINGLE CHIP 
DEVELOPMENT 
MICRO¬ 
COMPUTER 

BPIC 1650 microcomputer 
without ROM 

■ ROM address and data 
lines brought out lo pins 

■ Can be stopped or single 
stepped via a HALT pin 

The Pic 1664 circuit is exactly the 
same as the PIC 1650 except that 
me ROM portion of the PIC 1650 has 
been removed Any external RAM or 
PROM can be used lo aid in the 
development ol a final p IC 1650 j 

configuraiipn 

The Pig 1664 has been designed as a 
useful tool to'engineering oevelop- 

temi wh.cn will utilize'me PIC°16SC 

PIC 1664| 


1DC-10 


STATIC RANDOM ACCESS MEMORIES , : v ' ’ Section 11 | 


BITS ] 

MEMORY 

ORGANIZATION 

PART 

NUMBER 

REPLACES 

IPIN-FOR-PIN) 

ACCESS TIME/ 

CYCLE TIME 

POWER 

SUPPLIES 

PACKACE 

FEATURES 

PAGE 

ND. 



RA-3-4256 , 

- 

500ns/500ns 

*5, GNO 

24 DIP 

Power down mode 

11-2 

1024 ] 

256x4 

RA-3-425BA i 

650ns/650ns 

*5, GND 

24 DIP 

Powerdown mode 

11-2 

i 


RA-3-4256B , 

- 

6£0ns/650ns 

♦S, GND 

22 DIP 


11-2 



RA-3-4203 \ 

SEMI 4200 

215ns/4C0ns 

♦ 12. ■ 5. GNO 

22 DIP 

TTL output 

11-6 

i 


RA-3-4402 j 

SEMI 4402 

200ns/350ris 

♦12. GND, -5 

22 DIP 

Differential output. 

11-10 


ELECTRICALLY ALTERABLE READ ONLY MEMORIES Section 12 


BITS 

MEMORY 

ORGANIZATION 

PART 

NUMBER 

REAO 

ACCESS 

ERASE 

TlME/MOOE 

WRITE 

TIME/MOAE 

POWER 

SUPPLIES 

PACKAGE 

FEATURES 

m 

512 

32 x 16 

ER2050 

I0.ua 

ICOms/lfi bit word 

iOms/16 bit word 


28 DIP 


12-2 

ER20S1 

3jjs 

50ms/16 bit word 

S0ms/16 bit word 



12-2 

1024 

256x4 

ER11Q5 

Zjus 

I00ms/32x4 block 

5ms/4 bit Word 

-12. -12 

24 DIP 


12-4 

1400 

100 x 14 

ER1400 

2.8 pa 

I6ms/14 bit v/prd 

)6ms/14 bit word 

-35 

a TO/DIP 

10 year dote 

12-9 



ER2401 

2.4MS 

t00ms/1024*4 L-locr: 

10ms ; 4 bit woro 

s -H -24 

24 DIP 

♦70° C 

12-12 

4U96 


ERZ401A 

2MS 

12-12 


ER3400 

650ns 






12-lfl 



ER3401 

S50 ns 

1024x4 block 

, ‘" i thl WumJ 

o. 12 30 

■rZDiH 


12-18 


2048 X 4 

ER2800 

2 6ms 

I00ma/2048x4 block 


5.-14. -24 



12-22 

9..2 

ER2805 | 2.1,5 

10 4 Oil Wu.u 

24 DIP 

. . 

12-22 


READ ONLY MEMORIES Section 13 


BITS 

MEMORY 

ORGANIZATION 

PAHT 

NUMBER 

REPLACES 

(PIN-FDR-PIN1 

ACCESS 

TIME 

CLOCKS/ 

VOLTAGE 

POWER 

SUPPLIES 

PACKAGE 

FEATUBES 

PAGE 

NO. 

1024 

256x4 

RO-7-1024/4 

- 

Ips [lyp) 

STATiC 

♦5. GNO, -12 

16 DIP 

RO-8 versions available 

13-2 

128 x 9 

RO-7-1024/8 

- 

ius (typ.) 

STATIC 

+5. GND, -12 

24 DIP 

for-55"C 10+125-0. 

13-2 



RO-S-1302 

INTEL 1302 

1.5 ms (lyp.) 

STATIC 

+5, GND, ~12 

24 DIP 

Masked version of *702 

13-4 

2048 


RO-7-2040/8 

- 

1 5m» (lyp) 

STATIC 

♦5, GND, -12 

24 Dip 

PO-6 versions ava.table 

13-6 


512x4 

RO-7-204B/4 

- 

I S MS (lyp.) 

STATIC 

+5, GND. -12 

24 DIP 

tor-55'C lo +I25"C 

13-6 

2560 

512x5 

RO-3-2560 

— 

450 nj 

STATIC 

+5, GND 

(6 0IP 


13-8 

4095 

512x8 

RO-3-4096 

— 

500 ns 

STATIC 

+5. GND 

22 DIP 


13-10 

5120 

512 x 10 

RO-3-5120 

EA 4000 

500 ns 

STATIC 

+S, GND 

24 DIP 


13-12 

6192 

2046 x 4 

RO-5-8192 

AMI S0065 

1.2 RS (lyp.) 

2/TTL 

♦5, -12 

24 CIP 


13-14 



RO-3-8316A 

INTEL 8316A 
AMI S6831A 

850 ns 





13-17 



RO-3-8316B 

450 ns 

STATIC 

+6. GNO 

24 OIP 


13-17 


2043 X 8 

RO-3-B316C 

400 ns 





13-22 

19364 

RO-3-9316A 

INTEL 8316E 
AMI S5031B 

850 ns 




Replaces two 2708 or 

8705 UV PRCMs 

13-17 



RD-3-9316B 

450 ns 

STATiC 

+5. GNO 

24 DIP 

13-Y7 



RO-3-9316C 

MOT 68317 

400 ns 




13-22 


4096 X 4 

RO-3-16384 

AMI S8996 

1 MS 

STATIC 

♦6. GNO 

24 DIP 

Addross/Chip Select laich 

13-23 

20400 

2048 X 10 

RO-3-2O480 

- 

650 na 

STATIC 

♦5. GND 

24 OIP 


13-26 

3276S 

4096 x 8 

RO-3-9332A 

- 

850 ns 

STATIC 

♦5, GND 

24 DIP 


13-2) 


Note: Ail Reail Only Memories are mask-programmable 


lYBOARD ENCODERS / CHARACTER GENERATORS Section 14 ' 


BITS 

MEMORY 

ORGANIZATION 

PART 

HUMBER 

REPLACES 
(PIN FOR-PIN) 

ACCESS 

TIME 

CLOCKS/ 

VOLTAGE 

POWER 

SUPPLIES 

PACKAGE 

FEATUBES 

Sol 

2376 

KEYBD* ENCOO 

AY-5-2376 

SMC KR2376 

1Q-100kH: 

Scan Raio 

1/TTL or 
INT. OSC 

+5, GND. -12 

40 Di p 

2 key rollover, 68 keys. 

3 modes. 

74-2 



AY-5-3600 

SMC KR3600 



+5. GND. -12 

40 DIP 


14-7 


KEYBD. ENCOD 

AY-5-3600PRO 

- 

Scan Re:o 

INT. OSC 

4 modes 

14-13 

2240 

64 x 5 X 7 
CHAR GENER 

RO-5-22MS 

MK 2302 

FSC 3257 

1 ms (typ.) 

1/TTL for 
Scanning 

+5. GNO. -12 

24 DIP 

sjr a °“' p “ l 

14-16 

2560 

CHAR GENER 

RO-3-2513 

SIG 2513 

450 ns 

STATIC 

+5. GND 

54 DIP 

rowoiitDuf^ 

14-20 

5184 

64 x 9 x 9 
CHAR. GENER. 

RO-5-5104 

- 

5 M s dyp ) 

1/TTL for 

+5. GND,-12 

24 DIP 

3x9 characters, on- 
chip teft/nght scanning 

14-25 


Nolo: All Keyboard Encoders and Character Generators are mask-programmable Standard patterns are 















MAIMUhAd UHlNCa f-AQLi i ifcS 


AM! 

DEVICE NO. 

S1757 

SI 757 

S2470 

S8865 

S8996 


ELECTRONIC 

ARRAYS 

DEVICE NO. 
EA4000 


EMM/SEMI 
DEVICE NO. 
4200 . 

4402 . 


FAIRCHILD 

DEVICE NO. 
3257 


INTEL 

DEVICE NO. 
1302 . 

2316A . 

8316A 


Gl 

REPLACEMENT 
AY-5-1013/1013A 
. AY-3-1014A/1015 
AY-1-1006 
RO-5-8192 
RO-3-16384 


Gl 

REPLACEMENT 

RO-3-5120 


Gl 

REPLACEMENT 

RA-3-4200 

RA-3-4402 


Gl 

REPLACEMENT 

RO-5-2240S 


Gl 

REPLACEMENT 

RO-5-1302 

RO-3-8316A/8316B 

RO-3-8316A/8316B 


mostek 

DEVICE NO. 
MK2302 
MK50240 
MK5U241 
MK50242 
MK50242 


Gl 

REPLACEMENT 
RO-5-2240S 
AY-3-0215 
AY-3-0216 
AY-3-0214 

AY-1-0212 


NATIONAL 
DEVICE NO. 
MM5303 
MM5303 
MM5823 
MM5824 . . 


REPLACEMENT 
. AY-5-1013/1013A 
AY-3-1014A/1015 
AY-1 -2006 
. AY-1-1006 


SIGNETICS 
DEVICE NO. 
2513 . 

2536 
2536 , 


Gl 

REPLACEMENT 
RO-3-2513 
AY-5-1013/1013A 
AY-3-1014A/1015 


SMC 

DEVICE NO. 
COM2505 . . 
COM2505 
KR2376 
KR3600 


Gl 

REPLACEMENT 
•. AY-5-1013/1013A 

AY-3-1014A/1015 
AY-5-2376 
.. AY-5-3600 


WESTERN 

DIGITAL 

DEVICE NO. 
TR1602 
TR1602 . 


Gl 

REPLACEMENT 
AY-5-1013/1013A 
AY-3-1014A/1015 


TEXAS 

INSTRUMENTS Gl 

DEVICE NO. REPLACEMENT 


TMS0803 

TMS0851 

TMS4000 

TMS5001 

TMS6011 

TMS6011 


C-593 
. CF-593 
RO-5-8192 
. AY-5-3600 
AY-5-1013/1013A 
. AY-3-1014A/1015 
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and quality assurance. The factory in 
Kaohsiung, Taiwan, is dedicated to high 
volume assembly, test, quality assurance 
and applications of Microelectronics 
products. 

In addition to providing reliable sources 
of supply on three continents, General 
Instrument operates each plant as a backup 
facility to the others, to insure uninter¬ 
rupted delivery. Common processes and 
equipment are employed and major pro¬ 
duct styles are always produced in at 
least two separate locations. To maintain 
uniform standards from plant to plant, the 
quality assurance and process control 
groups at each facility are directed by 
quality control policy established at 
Group and Corporate levels. 

Because General Instrument has a 
comprehensive exposure to all of the world 
LSI markets, it has been able to structure 
its facilities and engineering programs 
to conform to evolving customer needs. 
Production capabilities are concentrated 
in product areas of greatest volume. Each 


General Instrument Microelectronics is 
one of the world’s leading manufacturers 
of LSI (Large Scale Integration) micro- 
circuits. A pioneer in MOS in 1966, 
General Instrument is now a worldwide 
source of microcircuits utilizing Hybrid, 
Bipolar and MOS technologies in service 
to the consumer, industrial and public 
service marketplaces. 

General Instrument Microelectronics has 
facilities in every major market providing 
customers with a full spectrum of services 
including new product development. . 
applications engineering. . .high volume 
circuit manufacturing. . .and immediate 
delivery of over 250 standard products 
"off the shelf." 

Strategically Located Plants 
The Microelectronics Group operates 
four main production facilities in the 
United States, Europe and Far East. 

Plants at Glenrothes, Scotland; Chandler, 
Arizona; and Hicksville, New York, have 
complete capability for product design, 
mask making, diffusion, assembly, test 


fSlIWICRO 

I I ELECTRONICS 


Hicksville, New York— 
Microelectronics World Headquarters 






plant has several separate manufacturing 
modules dedicated to the process most 
relevant to the primary marketplace. Cost 
effectiveness for the customer is enhanced 
because import duties are frequently saved 
on locally manufactured products. 


1976 General Instrument introduced the 
AY-3-8500 video game chip, the first 
standard single chip LSI microcircuit to 
provide six different games with on-screen 
scoring and realistic sound; over 5 million 
such parts were shipped that year. 


Broad Product Lines 

General Instrument Microelectronics 
offers the widest range of standard LSI 
microcircuits in the industry. The com¬ 
pany’s off-the-shelf portfolio consists of 
over 250 different LSI products in fifteen 
families dedicated to the consumer, tele¬ 
communications and data marketplaces. 

For the consumer market, General 
Instrument has pioneered LSI circuits for 
calculators, clocks, clock radios, TV 
tuners, remote control, appliance timers, 
radio and high fidelity systems, musical 
apparatus and TV games. For example, in 


More recently, General Instrument has 
introduced its GIMINI LSI System for 
cassette operated “home information 
terminals,” a product expected to be the 
next major development in consumer 
electronics 

Beginning in 1970, General Instrument 
has been a major manufacturer of 
microcircuits for hand held and printing 
calculators. Product selection ranges from 
low cost “four function” chips to complex 
circuits for consumer and business 
printing calculators. 
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Another major development by General 
Instrument in the consumer marketplace 
js the introduction of the OMEGA series 
of digital tuning systems. The OMEGA 
concept brings the tuning precision and 
convenience of digital channel selection 
to the TV set, without the need for stand¬ 
by battery power to retain channel 
memory when the set is off. This pioneer¬ 
ing advance was made possible by the 
utilization of a unique electrically alter¬ 
able ROM (EAROM). The EAROM com¬ 
bines the reprogrammability of a RAM 
with the non-volatility of a hard-wired 
ROM. Recently, the OMEGA concept has 
been made available for popular priced 
TV — ECONOMEGA — and introduced in 
a special form for high fidelity systems — 
STEREOMEGA. 

Supported by General Instrument 
Corporation's long experience in tele¬ 


communications, the Microelectronics 
Group has developed a series of standard 
circuits for use in the conversion of 
telephone apparatus from electro¬ 
mechanical to all-electronic operations. 
These circuits are being sold to major 
producers of telephone apparatus around 
the world, and have been qualified by 
major government telecommunications 
authorities. New circuits now being 
introduced in the telecommunications area 
are aiding in the development of solid state 
PABX's and digital central offices — the 
wave of the future in the telecommunications 
industry. 

General Instrument has pioneered in the 
development of 16-Bit LSI microprocessor 
technology. The CP1600 introduced in 
1975, has now evolved into a complete 
family of products for use in consumer, 
telecommunications and industrial con¬ 
trol applications. Extensive software and 
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Corporate Suppo 
General Instrume 
is backed By ttie , 
General l™trurnBn^ 

lor over 50 y® ars 
in the application 

entertainment i, 
communications 

production know 
capability c ' * 

organization « 
electronics C 
products &'■- 

Among the rr 

components 

Instrument a 
relays, minia - 
General Insti 
ot cable TV 
wagering sy: 
and apparatus 


^Microelectronic 

'Tcorpora^-t^em 8 

; n Tmo d m eT 9 tec h hno,o f to 

S Group to further improve Its 

and customer services. 
h« many other 6 *® C p°G ener al 

semiconductors 

TV components 
sading manufactam 

-track and on-track 
■of-sale equipment 
5 e applications. 


^ttuiare orTirmw«»^ 
ierved by a s ° standard micro- 

l0t Cr eases a dedicated 
T? is m ^ e a ° r ® a S ng1d through 

3 S 5 *».- 

...erme. New York and Chandler, 


Customer Service j S best si 

General Instrument Microelectronics ■ rt iodtfi cat,or \ 
believes in CUSTOMER SERVICE. processors, i 

Independent customer service department rnicropr° ces ®° 
are maintained at each major location to these * orv,ce5 
provide immediate response to questions. a ny c - 
concerning order service and delivery. Ou 
customer service personnel are trained to i 
consider our customer’s needs as their To P 
most urgent requirement. Call on them ance that 
and let us prove that we are dedicated to instrument^ 
responsive service. fully 

strat 

Advanced Design Centers 

To provide our customers with the latest ip. U-S- 
LSI technology, General Instrument Micro- Ariz 

electronics maintains R&D centers at gjjj 

Glenrothes, Scotland; HicksvIUe, New g n c 

York; and Chandler. Arizona. In addition, 
the Microelectronics activity is supported AS 

by general research in various fields an< 

carried out with such prestigious organi¬ 
zations as the Massachusetts Institute of 
Technology and the University of Utah. ®^ 

In addition to its extensive catalog of cS 

standard products, General Instrument 
Microelectronics is happy to provide custom 
design service to satisfy special 
requirements. In some cases, the application 


In addition to it3 work on standard 
microprocessors, General Instrument has 
also specialized in the concept of the 
dedicated microprocessor — that Is a 
microprocessor architecture specifically 
tailored to a particular application. By 
combining the programmability of the 
microprocessor with optimum input-output 
architecture for a particular application, 
General Instrument provides the cost- 
effective solution for product development 
in each of the markets it serves. 

Unlike many other LSI manufacturers, 
General Instrument Microelectronics does 
not produce end products. Our slogan, 

"We Help You Compete" means just that. 
We do not compete with our customers. 
Hence, customers can share their ideas for 
product innovation through LSI with us In 
confidence, knowing that we will not 
manufacture the end product ourselves. 

We also help our customers compete by 
our concentration on cost-effective LSI 
manufacture. For example, the General 
Instrument Mini-Pak, introduced in 1976 
for Consumer products, provides a signi¬ 
ficant saving in labor and material versus 
the popular dual-in-line plastic package. 


-ies, Scotland; London, 
Germany 

Taiwan; Tokyo. Japan; 


(or immediate 
,rs by contact- 
listed in our 


,nts can be made 
from these cents 
the sales offices 


.Pattern general 
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CompfeiG Microcomputer nacclwere and software package 





CALCULATORS 


CF-687 

CF-689 

CF-669HV 


C-887D 

C-689D 


8 OIGIT 
ALGEBRA 



9V/15V 

9V/15V 

9V LED 

PAGE 

| FUNCTION ] 

LED 

FLUOR 

(DIRECT) 

1 number! 



C-S93 CF-S93 ! - j 2-10 

9 DIGIT 
BASIC 

| C-596 | CF-S94 | - j 2-11 


■HHE3NMPH MFoJJBM 


C-596 CF-S9S - 2-13 

9 DIGIT 

C*598 CF-598 — 2-14 

SCIENT.FIC 

C-599 CF-SW - 2-15 

FUNCTION ! 

PART PAGE 

DESCRIPTION NUMBER NUMBER 

8 DIGIT 
PRINTING 

Basic 4 (unctions and percent 
automatic constant in multiply 
; and divide, repeat addrsub- C-716 2-1? 

i tract, decimal select mode, ar.d 

1 other features 

12 DIGIT 
PRINTING 

! Basic 4 functions and percent 
automatic constant in muIPply C-717 

and divide, repea'add/sub- 2 "' 8 

tract, decimal select mode, C-717X 

memory-in-use indicator, round- --- r .-.—, 

ing options, nort-add C) date r tia ? ia 

Key, anc otner features 10 

PRINTER- 

DISPLAY 

Adds display capability to the 

C-717X and C-713 printing C-7T9 2-20 

calculator circuits 

INTERFACE 

Adds display capability Ip Ihe r 

C-718 printing calculator circuit LW * U 4-41 


















Display Calculator Circuits 



■ Printed circuit board compatibility of circuits 

■ Automatic constant 

* Floating point operation 

■ Srdi'nc n zer„ Chah ° Per0,IOn (n ° S " i,ch ) 

ueaaing zero suppression 

• Automatic power-on clear 

■ Internal clock (on-chip oscillator) 
internal keyboard debounce logic 

description 

conipatlbl. circuits (e*„p c 

same basic PC boerr™s P praSb rl '; S) H d ' i5,9ned to fit *»* 
calculetor models manufactured((hlta 9 t 5 ™? 0, "«H>»i'yln 
required. ured while minimizing the tooling 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 

SEGMENTD cfei ' 
SEGMENT EC? 
SEGMENT? C 
SEGMENT G C -I 
SEE NOTE BELOW 3 5 


SEE NOTE BELOW 3 9 
SEE NOTE BELOW 3 :o 
SEE NOTE BELOW q u 
Vgg O i? 


NOTE 

All Display Calculator elreu-ls oKersd Sv c 

ss , 2?.-s'jT 1 tr« 

-s5Kxr^“r*“”' 


P SEGMENTC 
P SEGMENTS 
P SEGMENT A 
p DECIMAL POINT 
P DIGIT I OVERFLOW 
b OIGIT2M.S.D 
3 DIGIT 3 
3 DIGIT <1 


—J-- tlES CRIPTlOK T' rn~ 

I 4 tunciiona and percent hey. '-—-.- flV LED FLUOR, 

I 4 functions, percent hey x» s*":/* ~- —-1__ c ~ 685 CF-68S 

■ 20 10 29 keys . ' ' ' ' one ’ key or multi-key memory--f"-“ 

is. percent kny'w rz ,, —-—--—— CF-687 

cenrory, - 

S and percent key ---— — y _ f CF ~ efl9 

------ 

-I— P»«MI key, mulli-hey mem^T ------ -- 

All tee above pnolce el S', 

choice of 21 to 3B ftjjj ango ' lo «f 0 . y x . extended digit accuracy ~ 0 T~- 

^AlMho above p| US ; , wo i evels f oar ^l7~ZT^~:—p-— _ 

-'—---—- — S S ' * ' 4/ - ch o«=e ot 24 ip 41 hays. -*- 


15V 

FLUOR, 

| CF-S83 

I5V LEO 
j C-583 


pC-sas 

CF-589 

C-S89 

CF-689HV | 

| — 

CF-593 I 

CF-594 I 

_ C-S93 

~CF-S9S T 

C-594 

C-59S 

CF-596 T 

C-59B 

CF-598 j 

C-S98 

CF-599 | 

c-seT^ 



I THE FOLLOWING APPLY AS NOTED: 

A. AUTOMATIC CONSTANT (All circuits) 

The answer from any operation is entered automatically as a 
Constant by the - key without a constant switch. The Constant 
may than be used with all five functions and the answer from any 
Constant calculation can be used forfurthercalculations without 
re-entry. This provides an extremely powerful facility for solving 
many complex equations without the need for writing down or 
remembering intermediate results. It is particularly useful for 
raising to a power, compound interest calculations, nth roots, 
depreciation calculations, etc In constant multiplication, the 
constant is the first entered number (constant multiplicand). In 
division, addition and subtraction, the constant is the second 
entered number. The completion of the first operation with the 
depression of the = key initiates the storage of the constant 
number For subsequent operations it is only necessary to entera 
number and depress the = key 

B. DECIMAL ALIGNMENT (C/CF-593, C/CF-594, 
C/CF-595) 

The results of addition or subtraction will remain aligned to the 
preceding number having the most decimal places. This feature 
allows computation in the dollar and cents mode without sup¬ 
pression of the zeros to the right of the decimal point, il a right 
shift is needed to keep the eight most significant digits, the Iea9t 
significant digits are lost. The results of multiplication and divi¬ 
sion will be completely right ad|usied such that only the most 
significant digits are displayed except during overflow 

C. CAPACITY (All except Scientific Circuits) 

For the C/CF-500 Series and Ihe C/CF-680 Series, in thecase of 
overflow, the eight most significant digits are displayed (seven 
digits and minus sign for negative answers) all decimal points are 
lit and the keyboard is locked out. Only the operation ot the clear 
key will allow continued operation. On depression of the clear 
key, the decimal point is shifted eight places to the left of its 
actual position. 

For the C/CF-593, 594 and 595, in the case of overflow, the 
overflow symbol is displayed, and the decimal point shifted eight 
places to the left of its actual position. Under these conditions, 
the keyboard Is locked out such that only the operation ot the 
clear key will allow continued operation. 

In all cases, for an attempted entry requiring more than eight 
display digits, the most significant digits are protected upon the 
attempted entry of another digit. The keyboard is not locked out 
and operations are still able to be performed 
Wnen division oy zero is attempted, an overflow condition results 
and a zero is displayed. 

D. PERCENT KEY (all except C/CF-59S and 598) 

Multiplies the two preceding entries and divides by 100, and 
when followed by — gives add-on and discount: A+0% yields 
(AB/100); A+B%=yieids A+(AB/100). A-B% yields (AB/100); 
A-B%=yieids A-(AB/100) 

E. CHANGE NOTATION KEY (Scientific Circuits) 

Depression of the CHG NOT key will convert the displayed 
number to scientific notation, if if is in the ‘normal" mode, or it 
will display the 8 most Significant digits ot a scientific mantissa 
with the decimal point correctly located (even if it fails beyond 
the display area) and trailing zeroes shall be blanked. In addition, 
for numbers less than one, the digits are left shifted until all 
leading zeroes have been eliminated, 

F. EXPONENT KEY (Scientific Circuits) 

EEX:This key operates as follows: The EEX keysets theiwo right 
most digits to zero, the third digit from the right is blanked and the 
calculator is conditioned to accept sign and numeral keys to 
define the exponent value of the number entry. If the mantissa 
had numbers in any ot the last three digit positions, these are 
retained but not displayed. 

G. FUNCTION KEY OPERATIONS 
(Used only with dual-function keys) 

Depression of the F key sets the calculator in the "Function" 
mode and Ihe F indicator is lit. The dual function keys will then 
function as indicated by their upper case designation. Single 
function keys directly perform the indicated function. 
Depression of the second key of the sequence resets the "Func¬ 
tion" mode and Ihe F indicator is turned off when the answer is 
displayed. The "Function" mode can also be reset by a second 
depression of the F key. 


H THE FOLLOWING APPLY AS NOTED TO CIRCUITS 
WITH MEMORY: 

A. MEMORY DESCRIPTION: One-Key memory as provided 
In C/CF-5BS, 580, 594, 685, C-68SD, C-689D and CF-689. 

M: Tne Memory key is used in conjunction with olher (unction 
keys to define a two key sequence which sets a mode of operation 
associated with the memory register and terminates any imme¬ 
diately preceding entry. 

Operation of the M key followed by + adds the conients of the 
display register to the memory register without altering the 
contents of the display register. * 

Operation of the M key followed by - subtracts the contents of | 
the display register without altering the contents of the display E 
register. fc 

Operation of the M key followed by “transfers the contents of the 
memory register info the display register without altering the 
contents of the memory r egisler 

Operation of the M key followed by C/CE clears the contents of 
the memory register. 

Operation of the M key followed by the X key performs a memory- 
display exchange function. The contents of the memory register 
are brought out to the display register and the contents of tho 
display register are written ; nto the memory register, replacing 
the previous contents o* the memory register 
Operation of the M key foi lowed by any key other than ■+, X. =, 
orC/CE shall reset thc-M condition and act upon the subsequent 
entry as if the M had not been entered. 

In addition, two optional keys are provided with the C/CF-594for 
ooeration as follows. 

MR, MEMORY READ: Functions identically to the M - sequence 
above. 

MC, MEMORY CLEAR: Functions identically to the M C/CE 
sequence above. 

B. MEMORY DESCRIPTION: Multi-key memory as pro¬ 
vided in all algebra, scientific circuits, and C-685D. 

MR, MEMORY READ: Functions identically to tneM = sequence 
above. 

MC, MEMORY CLEAR: Functions identically to the M C/E se¬ 
quence above. 

M+, MEMORY PLUS: Functions identically to the M- seouence 
above. 

M--, MEMORY MINUS: Functions identically to the M- sequence 
above. 

MEX, MEMORY EXCHANGE: Functions identically to the MX 
sequence above 

In addition, the C/CF-589 are provided with a STORE key which 
transfers the contents of the display to memory without c hangi n g 
the display. 

C. MEMORY DESCRIPTION: Multi-key memory as pro¬ 
vided In C/CF-585, 595 and 885. 

MC, MEMORY CLEAR: clears the memory while leaving the 
display intact, 

MR, MEMORY READ: transfers the data in memory to the oispla y 
withoul changing the memory 

Mif,MEMORY EQUALS/PLUS; completes tne preceding oper¬ 
ation, displays the result, and adds the result to the memory. 

Mr,MEMORY EQUALS/MINUS:completes the preceding oper¬ 
ation , displays the result and suotracts the result from the 
memory. 

In addition, the C/CF-585 and C/CF-685 are provided with a MEX 
(Memory Exchange) Key which functions as previously 
described. 

The C/CF-595 is provided with the following additional memqry 
Keys: 

MR/MC, MEMORY READ/MEMORY CLEAR: this single key op¬ 
eration transfers the memory data to the display on the first 
depression. When depressed two successive times, Ihe memory 
data is transferred to the display and the memory cleared 
1, SUM KEY: when connected to Vs*, this accumulate switch, 
independent of the keyboard, adds the contents of the display to 
memory with each depression of the equals key. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 

Fluorescent Display | 
CF-5XX Series i 

LED DUplay 
C-5XX Series i 

Fluorescent Display 
CF-6XX Series 

LED Display C-6XX/ 
C-6XXD Series 

V<,o sup ply voltage range 1 

-20V to+0-3V i 

-20V to-‘•0.3V 1 

-15V to -*0.3V 

! -15VtO+0.3V 

Clock input voltage range 1 

-20Vto+0.3V ; 

—20Vtor0.3V j 

-15V to ■•■0.3V 

I -15Vto+03V 

Datainputvoltage range 1 

-32V to +0.3V 

—20V to+0.3V ! 

-30V to '•0.3V 

-15V to -t-0 3V 

Applied output voltage range’ 1 

-32V to+03V 

-20 V to +0.3V 1 

-30V to -0.3V 

-15Vto-t-0.3V 

Maximum power dissipation at +25° C l i 


500 mW 


Storage temperature range 


-20®CtO+70'‘C 


Operating Iree-air temperature range 


D'CtO ■‘-40° C 


Relative humidity range (no condensation) 1 


0to95% 



All inputs and outputs are internally protected against static charge damage during handling consistent with standard industry 
practices. 

’Exceeding those ratings could cause permanent damage. ' Measured with rsspeciioVss. 

Functional operation of these devices at these conditions is not 7 Derate at 10mW/°C. 

implied—operating ranges aro specified below. 


Operating Conditions 

CF-5XX Series 

C-5XX Series 

C/CF-6XX Series 

C-6XXD Series 


Range 


Range 

Min. 

Typ. 

Max, 

Min. 

Typ.' 

Mb*. 

Vjs, substrate supply 


OV 


OV 


OV 



OV 


Voci, gate supply: C/CF-5XXA 

- 

15.0V±5% 

--15.0V:r5% 


— 



- 


C/CF-5XXB 

- 

16.0V±5% 

-16,OV±5% 


— 



— 


C/CF-5XXC 


17.0V±5% 

-17.0V±5% 


- 



— 


C-6XXA 


_ 


— 

-10.3V 

-7.5V 

-8.5V 

-10.3V 

-7.5V 

-6.5 V 

C-6XXB 


~ 



-9.5V 

-7.5V 

-6.5V 

_ 

-9.5V 

-7.5V 

-6.5V 

Character/sflca-attypicaloperating 

CF-5XX/6XX Series 

C-5XX Series 

C-GXX Series 

C-6XXD Series 

conditions over a 0°C lo r40°C renge. 

Min. 

Typ.* 

Max. 

Min. Typ' Mas. 

Min. 

Typ 

Max. 

Mm. 

Typ.' 

Max. 

Keyboard Inputcharacterlatlcs- 

1 nput signal levels: Logic 0 

-1.5V 


OV 

-1.5V — OV 

•0.5V 


OV 

-0.5V 


0V 

Logie 1 

Vc.o 

— 

-6.0V 

V<, ( , — -6.0V 

ViJt, 

— 

-4.0V 

V GG 

— 

-40V 

Keyboard resistance 

Output buffer characteristics- 3 

— 

— 

IK 

- - IK 


— 

IK 

~ 


IK 

Segment output on-resistance; at -05V Vom 

— 

— 

— 


— 

200n 

300ft 

— 

IK 

1.3K 4 

at -f.5V Voui 

— 

20on 

6000 

— 200H 300ft 

— 

— 

— 

— 

— 

— 

Dig it output on-resistance at-1.5V Vour 

_ 

20 on 

30on 

— 200ft 300ft 

— 

20on 

300ft 

— 

30 ft 

son 6 

Digit and segment off-leakage: at Voit*=-9V 
at Vout-- 27V (CF-590, CF-600 Series) 

- 

_ 

— 

— — 18;/A 


... 

18pA 

— 

“ 

100pA 6 

o'-v otT =-30V [CF-580 Senes) 

— 

— 

18;.'A 

— — 

— 

— 


— 

— 

— 

Anode and grid supply voltage through 

200K resistor: CF-580 Series 

-30V 

-24V 

_ 





_ 


_ 

CF-590, CF-680 Series 

-27V 

-24V 


— — — 

- 

— 


— 

— 

— 

Powerfalf outputs oil)- 











atVo«=-10.OV. c/CF-580 Series 

-- 

75 mW lOOmW 

- 75mW lOOmW 

— 

— 

— 

_ 

— 

~ 

atV«.=-16.0V, C/CF-590 Senes 

— 

lOOmW 125mW 

- lOOmW 125mW 

— 

— 

— 

— 

— 

— 

atVr,( 1 =-7.5V, C-600 Series 

- 


- 

- - — 

- 

i5mW 

30mW 


l5mW 

30mW 


3 All output buffers are open-drain to V«. 4 At 4mA s At -9V 

‘ Typical values are at +2S°C and nominal voltages. s At 36mA 




8 Digit / 5 Function Basic Calculator Circuits 


FEATURES 

a n rtioit 7 segment display outputs. 

. Basic iourarmemelic l^cttons •>. 

• Percent (add-on and discount). 

» Floating negative sign. 

“ Right-JUStffiaC se , dri «. 

= ?f4^nd SdTd rec, „ Jesccn, display drive. 

. AtXr Mtures tisted on tne tins, page o, this section. 


DESCRIPTION 

. /-'ic'P rat circuits are basic five-function 

Gn overflow, the keyboarcI appear in the ninth 

dfg^t^osPion^orthose ca^cuiatmsPaving nine digitdispiaya 


DISPLAY 
8 digit DISPLAY 



02 03 04 


05 06 07 06 09 


OPTIONAL 9 DIGIT DISPLAY 

8 0 

SYMBOL ^ 




02 03 Q c 


DISPLAY FOMT 


07 00 09 


E 

s 5 
1 5 

G 0 


0 I 


„ , 456 789N r 

S3 H 5 B. 1 0 9 - C. 


PIN CONFIGURATION 

20 LEAD DUAL IN LINE 


SEGMENTD Q® 1 
SEGMENT E Cj » 
SEGMENT 
SEGMENT 1 

NC C 



DO NOT CONNECT Q 


NOTE 

Th(j oscillator is enabled by co.inerllnt 
14 (150K -10% I or C/CP-M3- a70r< - 


SEGMENTC 
SEGMENT B 
SEGMENT A 
OECIMAL POINT 

DIGIT IOVcAFLOW 
DIGIT 2 MSP 

0IGIT3 

0IGIT4 
□IGIT 5 
DIQIT6 


osisloflrom v GG tc 
. (Of C/CF-6B3). 


key MATRIX 



o-l 0-2 3-3 


0-<? 0-5 D-E 0- 


.7 o-B D-9 


Note: Diodes used only for CF-583 and CF-683. 















FEATURES 

s 8 digil, 7 segment display outputs, 
n Basic four arithmetic functions x,*H* 
a Percent (add-on and discount). 

0 Floating negative sign. 
b Right-justified entry and result, 
a One-key or multi-key memory function (refer to the 
description at the beginning of this section.) 
b C-585 and C-685: direct LEO segment drive 
CF-585 and CF-635. direct fluorescent display drive. 
e All other features listed on the first page of this section. 


DESCRIPTION 

The C/CF-585 and C/CF-685 circuits are basic five-function 
memory circuits which offer the user the highest degree of 
functional flexibility in implementing a memory calculator. The 
circuits include all the features of the C/CF-583 and C/CF-683 
circuits with the add ; tion of the memory function. 


PIN CONFIGURATION 


28 LEAD DUAL IN LINE 


Top V.»w 


SEGMENT D t! •' ^ 

2eb SEGMENT C 

SEGMENT EC 1 

27 b SEGMENT Q 

SEGMENT F C 3 

26 b SEGMENT A 

SEGMENT G C 4 

25 □ DECIMAL POINT 

NC C S 

24 p OlG IT 1 OVERFLOW 

KP C 6 

23 □ DIGIT2M S 0 

KO C t 

22 0 DIGIT 3 

KN C 8 

2' b DIGIT 4 

NC C 9 

20 b DIGrT S 

DO NOT CONNECT C IP 

’9 0 DIGITS 

NC C 11 

18 b CHGIT 7 

v<joC C 

17 b DIGITS 

EXT OSC IN C 13 

io b DIGIT 9LS.D 

OSC ENABLE C M 

Jib V M 

NOTE: 


Trie oscillator la onab'ed tv connecting eiojlsior VomVQglo p'n 

K (1S0K .--10* lor C/CF-585, A70X 

-.10* lor C/CM65) 




8 Digit / 9 Function Algebra Calculator Circuits 
With One-Key or Multi-Ksy Memory 


features 

b 8 digit. 7 segment display outputs, 
n Basic four arithmetic functions {+, - x. *). 
b Percent (add-on and discount), 
a Convenience functions (x^.vx. 1/x. */-) 
b Floating negative sign. 
a Right-|ustifled entry and result. 

B One-key or multi-key menoiy function (refer to the 
description at the beginning of this section.) 
e C-509 direct LEO seflment drive. 

CF-589: direct fluorescent display drive, 
a All other features listed on the first page of this section. 


description 

The c/CF-589circjits are basic eight-functicn memory circuits 
which offer the use- the highest degree of functional flexibility in 
implementing a memory ca'culator. The circuits include ail the 
features of the C/CF-585 circuits with the addition of the 
functions x*Vx, 1/x and */-. The C/CF-539 circuits may be 
oderated with either single or dual function keys with akeyboard 
configuration of from 20 to 29 keys. 


PIW CONFIGURATION 


SB LEAD DUAL IN LINE 


Top V.C 



2t 3 SEGMENT C 

SEGMENT EC 2 

27 3 SEGMENTS 


IC 3 SEGMENT A 

SEGMENT G C i 

2£ 3 DECIMAL POINT 

NC C 5 

24 3 DIGIT 1 OVERFLOW 

KP C 6 

25 3 DIGIT 2 M 5 0 

KO C 7 

22 3 DIGIT 3 

KN C 6 

21 3 DIGIT*! 

KA C 9 

ZC 3 DIC'T* 

CO MOT CONNECT C '0 

'9 3 DIGIT C 

NC C 

18 3 DIGIT 7 

V 0 cC i? 

17 3 D'GITS 

tx; OSC IN C 13 

'6 3 DIGIT Si.SD 

OSC ENABLE C 

’ 5 ^ V ss 





V 3G lo P ln K 




DISPLAY 


KEY MATRIX 
SINGLE FUNCTION KEYS 


6 DIGIT DISPLAY 


KEYS FCfl MULTi-KEV MEMORY OPERATION 


8 DIGIT 
NUMBER 


W 


OPTIONAL 9 DIGIT DISPLAY 


SYM80L 


DUAL FUNCTION KEYS 


DISPLAY FONT 


Note: Diodes used only for CF-589 
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8 Digit Calculator Modules 


module features 

. a Digit led display S. lens with calculator circuit on end board 

a Algebraic operation 

a Automatic constant 

■. inoswltcnrcultod) 

• Leading zero suppression 
Aulomatlc power on clear 
Internal clock (on-chlp oscillator) 

STSSS:l“y SI ~ and —V .0, 

complete calculator) 


M-S83/685^687/689 MODULE 


CALCULATOR FEATURES 

, m-S83 — 4 function with percent key 
- w.ftgc _ 4 {unction, percent key, one or multi-key memory 
■ M-087 - 4 function, percent key, slide rule (unctions, one or 

e M-689 k — Samoa* 607 with brackets, inch centimeter 
conversion. 


I'Jote: Mmi-Pak mounted Q" back side 


DESCRIPTION 

The M-683 685,687.680 series of modules contains aneightoigit 
LED display and a C-680D series calculator circuit featuring all 
the necessary logic, contact noise eliminatloncircuitsand timing 
(or a complete, simple to use, low-cost, multl-Ieatured calculator 
For lull information on the many features of the calculate 
circuits used on these modules, refer to the detailed descriptions 
on the preceding pages. 

The M-680 series modules are fabricated on a double-sued 
printed circuit boa'd. 









9 Digit / 5 Function Basic Calculator Circuits 


FEATURES 

s g digit, 7 segment display outputs with ninth digit (or sign or 
symbol, 

e Basic four arithmetic functions (■+, x, *). 

■ j Percent (add-on and discount). 

■ Floating negative sign. 

a Right-Justified entry and result. 

■ Results of addition or subtraction remain aligned to 
preceding number having most decimal places- 

■ C-593: direct LED segment drive. 

CF-593: direct fluorescent display drive 

* All other features listed on the first page of this section. 

DESCRIPTION 

The C/CF-593circuits are basicfive-functioncircjitsfor use with 
nine digit LED or fluorescent displays. These circuits enter and 
compute both positive and negative numbers to an eight digit 
resolution. On overflow, the overflow symbol is displayed In the 
ninth digit position, the decimal point is automatically shifted 
eight positions to the left of its computed position and the 
keyboard is locked. 










C-595 


CF-595 


LzJ 


iX / u-t UnCtion Basic Calc u'ator Circuits 
With Multi-Key Memory 


" 8 di 9 it - 7 segment display outputs with ninth digit for sign or 
symbol. 

a Basic four arithmetic functions (+, *, *), 

° Percent (add-on and discount), 
a Floating negative sign, 
a Right-justified entry and result, 
a Results of addition or subtraction remain aligned to 
preceding number having most decimal places, 
a Multi-key memory operation and automatic accumulating 
memory (refer lo the description at the beginning of this 
section.) 3 

B C-595: direct LED segment drive. 

CF-595: direct fluorescent display drive. 

“ A " 0th9r ,eatures li3ted on the first page of this section. 

DESCRIPTION 

Tbsc/CF^S cirMfc add a variety of memory options to the 
basic C.CF-593 functions. While the basic pin configuralion is 

nrTvta!! ( ,0 th8 , C/CF ' 593 ' ,w ° additional connections are 
provided for a selectable “memory accumulate" switch and a 
memory m use" indicator output. 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 


SEGMENTD del 
SEGMENT E □ t 
SEGMENT F □ 3 
SEGMENT 0 □ i 
LOW BATTERY INPUT □ 5 

kp q 6 


28 3 SEGMENT C 
2? 3 SEGMENT B 
26 3 SEGMENT A 
25 3 DECIMAL POINT 
2J 3 DIGIT 1 OVERFLOW 
23 3 DIGIT 2M.S.O 
2J 3 DIGIT 3 
21 3 DIGIT 4 
20 h DIGITS 
19 b OIGITG 
18 3 DIGIT 7 
17 3 DIGIT S 
'0 b DIGIT 9 [. 5.0 




9 Digit / 15 Function Scientific Calculator Circuits 


features 

■ Number entry in floating point or scientific notation. 

B 9 digit output with 5 digits of the mantissa displayed, 2 digits 
for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is In scientific notation, 
g Basic four arithmetic functions (+,-, x, *). 
a Transcendental functions (sin, cos, tan, sin", cos' 1 « tan''. 

Inx and e'). _ 

a Convenience functions (V*. I/*)- 

a A separate memory register (refer to the description at the 
beginning of this section). 

s Trigonometric functions are performed in degrees or radians 
(switch selectable). 
m - key to display the value of tr. 
o Left-justified entry and result, 
a User option tor single or dual function key operation 
b C-596: direct LED segment drive. 

CF-596: direct fluorescent display drive, 
a All other features described on the first page of this section. 

DESCRIPTION 

The C/CF-596 circuits are fifteen function circuits which offer 
trigonometric and inverse trigonometric functions, natural logs, 
e\ V?, Vx and w as well as the basic four functions and memory. 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 

Top View 


SEGMENT D C 

at ^ 2? 

3 SEGMENT C 

SEGMENTE C 

3 37 

3 SEGMENT B 

SEGMENT F d 

3 2C 

3 SEGMENT A 

SEGMENT G □ 

4 2S 

□ DECIMAL POINT 

LOW BATTERY INPUT C 

5 24 

□ DIGIT 1 OVERFLOW 

KP C 

6 23 

3 DIGIT 2 M.SD 

.KG □ 

y 22 

3 DIGIT3 

KN C 

a 21 

3 DIGIT 4 

KA C 

9 20 

□ DIGITS 

KB C 

■0 '9 

3 DIGIT 8 

RAO/CEG C 

tl IB 

3 DIGIT? 

V,. c 


3 DIGIT 8 

05GIN C 

'3 16 

3 DIGIT 9L SO 

OSCILLATOR ENABLE C 

14 15 

3 Vs> 

NOTE. 



The osclllmor is enisled by connecting a 470K 3:10"* resistor Iroir 

V ec lo gin M 


The circuit operates in the normal 8 digit mode until the display 
capacity is exceeded at which time it converts to the scientific 
mode of operation. 

The C/CF-596 features single or dual function key operation for a 
keyboard configuration of from 19 to 35 keys. 
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S Digit /18 Function Scientific Calculator Circuits 


FEATURES 

a Number entry in floating point or scientific notatron. 
a 9 digit output with 5 digits ol the mantissa displayed, 2 digits 
forth© exponent, and 2 digits for the sign of the mantissa 
and exponent. 

a 8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is in scientific notation 
■ Basic'four arithmetic functions (+, x, -•). 

» Transcendentai functions (sin. cos. ran, sin ', cos ', tan~\ in x. 
e‘, log® and 10'). 

a Convenience functions (vx, 1/x. y"). 

0 A separate memory register (ref6r to the nescription at the 
beginning o‘ this section). 

® Trigonometric functions are performed ir degrees or radians 
(switch selectable) 
o rr key to display the value of t. 
a Left-justified entry and result, 
o User option for single or dual function key operation 
B C-598: direct LED segment drive. 

CF-598: direct fluorescent display drive. 

* All otner features described on the first page of this section. 

DESCRIPTION 

The C/CF-598 circuits are eighteen function circuits whose oper¬ 
ations are identical to the C/CF-596 with the addition of three 
functions: logm, 10‘ and Y\ Single or dual tunotion key operation 
is optional with keyboard configurations of from 21 :o 38 keys, 


PFN CONFIGURATION 

28 LEAD DUAL IN LINE 


SEGMENT 0 
SEGMENTc 
SEGMEN" F 
SEGMENTS 
LOW DATTEnv INPUT 
KP 
KO 

KB 

KA 

BAD/DEG 
OSC W 

OSCILLATOR ENABLE 


SEGMENT 0 
SEGMENT B 
SEGMENT A 
DECIMAL PONT 
DIQl T 1 OVERFLOW 
OIGIT2 M.S.D 
DIGIT 3 

DIGIT 0 
DIGIT { 

DIGIT s 
D!GI T sl, SO 



NOTE, 

The oscl ilelor is enabled by ccrmeciing a 4T0K r 1 Ok reaisior Iron; 
VoG w '■* 



9 Digit / 21 Function Scientific Calculator Circuits 


features 

> Number entry in Uoating point orsderWc notation. 

. 9 digit output with 5 digits of the mantissa displayed 2 digits 
for the exponent, and 2 digits for the sign of the mantlesa 

h ©'digit display and 6lgn fo* numbers not requiring scientific 
notation, or for the display of the 8 significant digits of a 
number that is in scientific notation. 

« Basic four arithmetic functions (+, x, +). 
n Percent {aed-on and discount) . 

. Transcendental functions (sin. cos, tan, sin-, cca , tan ,mx, 

e\ log;# and 10‘). r ( t } , 

m Convenience functions (vx, /x, y . x , + '-)< 

. A separate memory function (refer to the description at the 
beginning of this section). 
e Two levels of parentheses. 

h Trigonometric functions are performed in degrees or radians 
(switch selectable), 
s rr key to display the value of n. 

■ Left-justified entry and result. 

n User option for single or dual function key operation, 
a C-599: direct LED segment drive. 

CF-599: direct fluorescent display drive. 
b All ether features described on the first page of this seolion. 

DESCRIPTION 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 


SEGMENT D □ 
SEGMENT E C] 
SSGM8N7 
SEGMENT G Cj 
TEST INPU’ 

XP d 
KO □ 
KN □ 
K8 □ 


RAO'DEG U 


OSG 

OSCILLATOR enable d 


SEGMENT C 

SEGMENT 3 
3 SEGMENT A 
3 DECIMAL POINT 
3 OIG T l OVERFLOW 
3 DIGIT 2 M.3.D 
3 OlOTfl 
3 OIG'T 4 
•j DIGITS 
3 DIGIT 6 
3 DIGIT? 

3 DIGIT 3 
3 DIG T BL.5.D. 


id by CDnnsclIns a 150X i 


operations are identical to the C/CF-598 with the addition ot two 







C-700 SERIES 


Printer Calculator Circuits 


a 5 functions x ,*,%). 

■ Chain calculations, 
a Repeat add/subtract 

a Automatic underflow and reverse underflow, 
a Non-add (#)/date Key. 
a Memory non-zero indicators. 

° Overflow Indication, 
a Automatic constant In multiply or divide. 

H Right-justified entries and results, 
a Leading zero suppression, 
a 2 key rollover operation, 
s Internal oscillator and power-on clear. 

DESCRIPTION 

The C-700 Series is a growing family of circuits for the printing 
calculator manufacturer which provide the capability for a broad- 
based. multi-feature business calculator product offering. The C- 
700 Series currently includes four different calculator circuits 
(the C-716, C-717, C-717X and C-718) and two printer-display 
interface circuits (C-719 and C-720). each described on the 
following pages of this section. 



MOTOR SYNC I 


[KEYBOARD ■ 
STATIC 
] SWITCH ■ 
1 MATRIX 


PRINTER- 

DISPLAY 

INTERFACE 


Basic 4 functions and percent, automatic constant in multiply and 
divide, repeal add/subtraot, decimal select mode and other 
features, Interfaces with the Olivetti Pul 100 dot matrix printer. 
Option tor use with thermal printin g version of Pu 1100 


Basic 4 functions and oorcent, automatic constant in multiply and 
dlvidn, repeat add/subtract, decimal select mode, memory-in-use 
indicator, rounding options, non-add (#)/dafe key. and olher 
features. Interlaces with the Shinshu Seikl Model 310 
impact printer. 


Adds display capability to the C-716 printing calculator circui't. 


Accumulator end 4 key memory 


Accumulator, item counter, and 
feur-key independent memory. 


For both LED 

and (iourescent displays. 


IMPACT PRINTER SYSTEM DIAGRAM 



SWITCH/ 

DIOOE/ 

JUMPER SRI.’rsT 

MATRIX 





•DISPLAY SIGNALS ONLY ON C-717X AND C-718. 50oP 
















12 Digit / 5 Function Impact Printer Calculator Circuits 
with Acumulator and Grand Total Memory 


FEATURES 

e 12 digit printout plus 2 full right-hand justified audit 
trail columns. 

a Automatic accumulating memory (stores group ratals), 
e Grand total memory. 

• Selectable memory modes - , normal (last entry printed); 
(running subtotal printed); GT (grand total memory access). 

• Fully arithmetic operation. 

a Decimal select modes; full floating; fixed point (0-6); 
add mode (with hardwired secondary aod mode option for 
quantity * dollars). 

B Rounding options (truncate, 5/4 round cff, 1/0 round up), 
a Multistage keyboard buffer stores up to 8 keyed entries 
to allow uninterrupted operation during print. 

■ C-717: printer only. 

C-717X: printer and display (with the C-719 interface chip), 
a All other features listed on the General Information page. 

DESCRIPTION 

The C-717 and C-717X are each single MOS/LSI circuits 
containing all the logic functions required to implement a fivB- 
1 unction, two memory general purpose business calculator using 
a Seiko Model 310 impact printer. While both the C-717 and C- 
717X are Din-compatible with each other, the C-717Xadditionally 
provides signals for use with the C-719 printer-display interface 
chip. This allows the addition of a 12-digit fluorescent or LED 
display to the basic printer, 





12 Digit / 6 Function impact Printer Calculator Circuit 
with Accumulator, Item Counter and independent Memory 


features 

o 12 digit printout plus 2 lull right-hand justified eudit 
trail columns. 

jh Switch-selectable automatic accumulation, 
o Three digit item counter. 
a Four-key independent memory 
b Arithmetic operation in add/subtract sequences, 
algebraic in muitiply/divide (business logic), 
a Decimal select modes; full floating; fixed point 
(0-6, excluding 5); add mode (automatic decimal 2 
in 'and uriit/price mode In *)• 
a Non-coded decimal select switch input, 
a Rounding options (truncate. 5/4 round off. 1/0 round up), 
m Separate clear-all key 

bj Full floating accuracy on intermediate results In 
chain operation 

s Multistage keyboaro buffer stores up to 6 keyed entries 
to alow uninterrupted operation during print, 
s Display capability (with the C-719 interface chip), 
n All other features listed on the General Information page 

DESCRIPTION 

The C-718 is a single MCS/LSI circuit containing ail the log o 
functiors required to implement a five-lunctran general purpose 
consumer calculator with an accumulator, item counter and four- 
key independent memory The C-718 has been designed to 
operate with a Seiko Model 310 16 column impact printer. When 
used with the C-719 printer-display interface, the C-718 also 
provides e 12-digit display capability, using either fluorescent or 
LED displays. 


KEYBOARD SWITCH MATRIX 
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C-719 


Printer-Display Interface Circuit 


" Adds display capacity to C-717X and c-718 punter Chios, 
o Full 12 digit display capability. 

0 Drives LED or fluorescent displays. 


PIN CONFIGURATION 

26 LEAD DUAL IN LINE 


The C-719 is a single MOS/LSI circuit designed to add a 12 digit 
display capability to General instrument's C-717X and C-718 
printer calculator circuits. Data from the printer calculator chips 
is transferred tD the C-719 interface chip serially and re¬ 
formulated to drive seven segment multiplexed common cathode 
displays. 

The segment and digit outputs of the C-719 are open-drain and 
have a breakdown voltage of-30 Volts to enable the driving of 
fluorescent displays with a minimum of interface components 
LED displays may also be driven by the C-?i 9 with direct drive of 
the segments and the addition of digit-drive buffers, 

In the display, leading zeroes are suppressed and entries and 
results are right-justified. 


Vss(GND) dci 
Ouplay Sync ri 2 

Oisplay Dale ■, H 3 
Display Dale 2 q a 
D isplay Data i u s 
Display Oatt ! □ £ 
Segment DP q 7 
Segment A d 9 
Segment B n a 
Segment C □ 10 

Segment £ □ 12 
Segment F Q 13 
Segment c d m 



SYSTEM DIAGRAM 


FLUORESCENT DISPLAV 

OIGITS SEGMENTS 

-!~i—i-i—i- 6 7 • 8 1“ " '« 5 f E a C a A DP 


tmm 



! Noto Diecrole pui;-up 
fesiatorB for the display 
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Printer-Display Interface Circuit 



features 

• Adds display capability to the C-716 printer chip. 
■ Full 8-digit display capability 
B Drives LED or fluorescent displays. 


DESCRIPTION 

The C-720 is a single MOS/LS! circuit designed to add an 8 digit 
display capability to General Instrument’s C-716 printer 
calculator circuit. Data from the printer calculator chip is 
transferred to the C-720 interface chip serially and reformulated 
to drive seven segment multiplexed common cathode displays. 
The segment and digit outputs of tne C-720 are open-drain and 
have a breakdown voltage of -30 Volts to enable the driving of 
fluorescent displays with a minimum of interface components. 
LED displays may also be driven bythe C-720 with direct driveof 
the segments and the addition of digit-drive buffers, 
in the display, leading zeroes are suppressad and entries and 
results are right-justified. 



Not yol defined, 
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Clocks 


PART 


NUMBER 


DESCRIPTION 


FUNCTION 


AY-5-12Q2A 


12/24 hour clock 


4 DIGIT 


CK3000 


'2 hour clock, 2< hour alar/n 


CK3100 


4 DIGIT 
WITH ALARM 


CK3200 


!?.-24 hour clock 24 hour alarm 


CK3400 


ELECTRONICS 


4 DIGIT 

CLOCK RADIO | 

J 12/24 hour ciock, 24 hour alarm 

■I'giliJ 

4 DIGIT 
AUTOMOBILE 
CLOCK 

12 hour Clock 

CK3500 

M-3500 


















j &Z££f/ 



PIN FUNCTIONS 

Name _ 

Segment Outputs 

a-f 

O p/Colon Output 
Multiple* Outputs 

MX1— MX* 

Reset input 
Set Minutes Input 


50 / 60 Hz Select Input 
i 12/24 Hours Select Input 
j invert Segments Input 
Multiplex Oscillator 


V SS 
! v D p 

| inhibit input 
Strobe Output 


i n 7 seamant mode the digits are multiplexed on to these pins. These 

«co*« oooo 

These outputs select tne display digit3 sequentially, they will drive 

SI o^be?ngt,ar* V Mi™.eTarp”p“n 10'aof hours in M« time 

When taken to logic‘O'the clock is reset to aero. 

When taken to logio'O’ the minutes counter is advanced at the rate or 
HIS per sec, and the hours counter a. the rate ot 2 hours per mtnute. 

When taken to logic'O’ the hours counter is advanced at the rate of 2 
hours per second. 

When taken to logic'O'. 60Hz ooeration will result 
When taken to logic'O', 12 houroperation will result. 

When taken to logic'O’thesegmentoutpunwill be inverted. 

An external capacitor is ueeo to select the multiplex frequency, it 

required the pin can be driven by an external oscillator. 

The master clock is input to the pm Hysteresis is provioed so that 
the input waveform is not critical. 

Positive Supply- 
Negative Supply 

Whentaxen to logic'O' all outputs are switched OFF. 

This is a short pulse occurring during the middle ot each multiplex period. _ 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to V s > pin 
(except Segment Bno Multiplex outputs). 

Operating Temperature Range. 

Storage Temperature Range 

Power Dissipation at -r70°C Ambient Total 
Per Output 

Standard Conditions {unless otherwise noted) 
V ss = -OV 

V 0D = -17V= 10% (AY-5-1200A/1202A/1204A) 

V D0 = -H.4V to -19V (AY-5-1203A) 

Operating Temperature (Ta) * 0°C to ■*•70°C 

C haracteristic I 

Clock input trequency DC 

Clock input logic ‘O' +Q - 5 

Clock input logic 'V 

Multiplox clock frequency DC 

Control inputs logic '0' I + 0.3 

Control inputs, current logic '0' ~ 

Control inputs logic' i' " 6 

Segment Outputs 

ON current 2(1^.3) 

OFF leakage 

Multiplex Outputs 

ON current 5[3 ' 3) 

OFF leakage ~~ 


"Typical values are at +25°C and nominal voltages. 


+0.3 to-35V 
0°C to + 70 O C 
-65° C to +150° C 
500mW 
50mW 


■Exceeding these ratings could cause perma¬ 
nent damage. Functional operation of these 
devices at these conditions is not implied 
—operating ranges are specified below. 


NOTE: 

In the chan below, numbers in () refer only to 
the AY-5-1203A. 



V, rt r = —2V 

Voi t - “2SV( - 19V) 

Vtiri = -35V 

V<„ i -- —2V 
Voi-, r=-25V(-i9V) 
Von = -35V 


LThe clock input pin may be taken positive with respect to V* provided that the current is n 
behave like a forward biased silicon diode in this condition. 

2. The frequency is determined by an external capacitor. 

3. These inputs have a 170Kohm pull up resistor to V»i>. 


lited to 100/tA' The in put v, 
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AY-5-1224A 


4 Digit Clock Circuit 


6ATURES 

:SS=r£f», 

. on chip multiplex oscillator. 

: Sr-on Suo K ro. (Counting does no, star, until time 
Is set.) 

all the logic n«^ sa 7 ,0 H ™ K a,. „ has multiplexed BCD or 7- 
operating from . 50 or 60Hx np , and Gas ci,a- 

PIN FUNCTIONS 

' «o5"ng a .o mfdisplay mode aelecred. OuHn m*H** 

(Strobe/ IW ’d" 0 " “ 5 " ,P “ W ' 

Segment omputt A’tiptexed'out on to these pins. 

In7 segmentmodethexjigrtse P |( . |<a l0 dtep i ay ), Inter- 

SjttgT»W «* «™ - -orated * *“ 

discharge dlsp'ays- 

SCO Outputs 2°~2 3 (PI" 5 vl«. «; ”> t(itt)esa pins in BC D 
in BCD mode the digits are mult p {positive), i.e. code 

cod . Normally Ida outputs are at log,c 0 (P ° ’ 

0 = 0000 . 

Multiplex Outputs 1-4 (Pins 10 - f ■ | L ) d (0 | 03 i c 'O' to select 
These pins ate suopessiysiy sw ohoi <o lo|, P oba| , a USBd to 
appropriate digit display. have ifuerdlgit blanking. 

The b mu n °p“x -ate is V2Qth the multiplex clock *»!»«'<»• 

XlnTS ^’ablethe control ingu. keyboard, it goes to 
logic 'O' to enable. 

Set Hours input (Pin 1) Kotim® this input causes trte 

When taken to logic '0' during strobe time this.'" P “ s ' oond , 
hours counter to advance at the rate ot 1 hou per 

Sel Min Input (Pin IB) . t causes the 

When taken to logic '0 duf > n 9 str ° b “ J h 3econd and the 
minutes counter to advance at the ra P ninutB 
hours counter to advance at the rate 

Reset Input (Pin 15) causes tho 

When taken to logic ‘Q‘ during strobe time this input 

clock to reset to zero. 

Complement Input (Pin 14) w||| pava norma i 

When tell open the segments and BCD dtp“ diode lhe 7 

polarity. When connected to Strobe output 
segment and BCD outputs will be inverted. 


PIN CONFIGURATION 

16 LEAC DUAL IN LIME 


Multiple* Osalla'or □ 3 
so/gohi incut n 4 

Strobe Output Cj 6 
MX A Output (tseit Hou«t O 7 
, MX a Output tUmii HOurt) ^ B 

I SLOCK DIAGRAM 


J ~^n Sog B Out. 1 ?' Ouv'S* Minutes mpul 
,s 3 SnQ C Oot'2 ! Out/Reeot Inpul 
,4 3 S#9 O Om'2 J 0-Jt/Compien'on: input 
i3 3 Seg £ Out/12 or 2< Hr Settol 
12 3 Seg F Obl/SO or 60Ht Sb'bu' 

„ p sop G Ont'BCO or 7 Sep Sfilect 
10 3 UXi Output (Wts Minutes! 

9 3 MX? Output (Tens Minutes I 


m 



12,24 Hour Select (Bln 13 ) 12 nou r mode when 

^ * "" OPOra,i ° n ' 

strobe via a diode 6OH1 operatten will result. 

BCD/7 Segment Select (Pin 11) be [ov | dedi when 

^JS tostrobe^la^dlode BCD outpu.swil, be provided. 

50/80HI input (Pini «) , t0 th ,s pin. Hysteresis is 

W ^Xinp’u, wave term isne, onuoal. 

Mulllplex Oscillator (Pin 3| multiplex frequency. II 

positive supply 11 ne nominally OV. 

Negative supply line nominally-15V. 

Power-On Reset Counters will not atari until 











CS.CU 1 HlUAi. CHAH ACTERSST1CS 



Maximum Ratings* 

Voltage on any pin with respect to V$*. • • . +0.3 to -20V 

Operating Temperature Range . . . 0 o to+70 6 C 

Storage Temperature Range . -65 P C to +150®C 

power Dissipation at 70° C Ambient—Total. 500mW 

Per Output. ... . . SOmW 

Standard Conditions (unless otherwise noted) 

v ss -ov 

Vc,c = -12 to-18V 

Operating Temperature (Ta) - 0°C to +70°C 


'Exceeding these ratings could cause 
permanent damage, Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


Characteristic 

Min 

Typ“ 

Max 

Units 

Conditions 

Clock input frequency 

DC 

50/60 

- 

Hz 

— 

Clock input logic ‘O' 

+0.5 

— 

-2 

Volts 

Note 1 

Clock input logic ‘1’ 

-8 

— 

Vdd 

Volts 


Multiplex Clock Frequency 

DC 

— 

50 

KHz 

Note 2 

Interdigit Blanking 

- 

150 

_ 


at 6.67 KHz 

Control inputs logic ‘0’ 

+0.3 

— 

-1.5 

Volts 


Control inputs logic ‘V 

-6 

— 

VoD 

Volts 

— 

Outputs Logic 'O' 

- 

- 

500 

Ohms 

( V 0 u =-2V 
l liwr- 4mA 

Outputs Logic "V (Leakage) 

— 

— 

10 

AA 

Vour = -18V 

Supply Current 


— 

10 

mA 

Vgc= -15 V 


“Typical values are at +25°C and nominal voltages. 


NOTES. 

1. The clock input pin may be taken position with respect to Vss provided that the current is limited to 100/iA. The input will 
behave like a forward biased silicon diode in this condition. 

2. The frequency is determined by an external capacitor. 

3. At 6.67KHz multiplex frequency the digit ON time is 450/iS and the OFF time is 150/iS. 





4 Digit Alarm Clock Circuits 

FEATURES 

B 12 Hour clock, 24 Hour alarm setting 
a AM/PM Indication 
b 50 or 60 Hr operation 
b Snooze (Sleep-over) alarm 

■ Direct display driving 

CK3000- Plasma 
CK3100 - LED 

■ No display interface components 
a Seconds flashing colons 

b Alarm, set. and snooze indication 

■ Power interrupt indication 

■ Low current consumption 

■ Alarm output tone - direct drive with magnetic speakers 
b Wake output for appliance swltchlng[(CK3100) 


DESCRIPTION 

The CK3000 and CK310Q are N-Channel MOS integrated cir¬ 
cuits, containing ail the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 
The output stages of these circuits have been designed spec¬ 
ifically to directly drive the cathodes of Plasma displays 
(CK3000) or the cathodes of large digltcommon anode L.E.D.’s 
(CK3100) with no interface electronic components whatsoever. 
These integrated circuit® also contain all the logic needed for 
contact noise elimination and line frequency noise rejection 
reducing further support components. 
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FUNCTIONAL DESCRIPTION 



The block diagram shows diagramaticaily the various logical 
function blocks that make up the CK3000 and CK3100 Inte¬ 
grated circuits. The various units have the following functions. 

Oscillator 

The oscillator provides two basic functions in the integrated 
circuit. 

1 , Provides a suitable frequency in the audio range for 
modulating an external transducer at and during the alarm time 
(nominally 1 KHz). 

Z. Provides a strobe frequency for strobing the 50 or 60 Hz line 
frequency Into a 'D' type flip flop to statistically eliminate line 
noise (nominally 250 Hz). 

Debounce Logic 

The logic here is usedtoeliminate contact noise closure on any 
input line and this is achieved using one second digital one shots 
in combination with 250 Hz strobe pulses, e.g. with the set-time or 
alarm enable inputsat logic zero the increment inputs are looking 
for one contact closure in each one second period. Any further 
closures are ignored. However if any increment pin is at logic 
zero and ihe set alarm set time switch is open and closed multiple 
counting will result. This logic also directs increment signals to 
the appropriate counters. 

Divider 

The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 

Snooze Control 

This logic stores the information that an alarm compare nas been 
reached, and initiates a 5 minute counter, which then runs 
continuously until such time that on an exact multiple of five 
minutes if Ihe alarm/tone control switch isat zero, it will thenstop 
and reset the alarm compare store. During the 5 minutes the 
alarm tone is made active tori minute in each five, producing a 1 
Hz moduleted 1 KHz tone. II when the alarm tone is active the 
alarm tone cancel is taken to logical zero the tone will cease until 
the next five minute period. 


50/60HZ Control 

For 50 Hz operation - Connect to V? or leave open circuit 
For 60 Hz operation - Connect to V?. 

Aiarm/Tone Cancel - Tone Output 


For normal operation the alarm cancel input Is left open circuit. 
Under this condition any coincidence between the time and 
alarm store will cause Ihe tone;to output on alarm tone 
pin. This tone will remain present for one minute unless can¬ 
celled by momentarily connecting alarm cancel to a logical 'O'. 
This tone will re-occurfiveminutes(andsubsequentmultiples of 
5 minutes) after the original alarm time for a duration of one 
minute unless cancelled by momentary connection of tone can¬ 
cel to a logic 'O', thus providing a snooze facility. 


| '{ To completely cancel thealarm sequence, thecolncldenceof the 

fr. alarmcancelpinbeingatalogicalOandthestartofthenextalarm 

!•’ ton© period is required. Immediately after this occurrence the 

alarm cancel input may be open circuited and the alarm will be re- 
| i enabled tor the following day. 

& | Alternatively if either the set time or set alarm inputs are con¬ 
i' | nected momentarily to a logical 'O' after the first minute of alarm, 

| | the alarm logic will be re-triggered for the next day 

■% The alarm tone is a nominall KHz square wave chopped by a 1 Hz 

I; I square wave. 

V : , Frequency Set 

\ An external resietorto V P and external capacitor toV N are used to 

ite control the frequency of the oscillator. These values should be 




Figure 3 shows frequency ve. capacitance and resistance for 
nominal supply voltage. 

Figure 4 gives a guide to component values for different V P 
values. 

With the oscillator set to 4KHz, the alarm tone output will be 
tKHz. and the internal antibounce logic is strobed at 250 Hz. 
Setting Up Procedure {Pins 6 thru 9) 

In the normal clock running condition pins 6 thru 9 should be 
open circuit or at a logical 'V. 

To enter set mode either set time or set alarm should be pulled to 
logical 'O’. Underthis condition the increment minutes and incre¬ 
ment hours inputs are enabled and when either is pulled to a 
logical'O’ then the corresponding hours end minutes will Incre¬ 
ment at a 1 Hz rate. All minutes to hours carries are suppressed 
while time is being set. 

When set alarm is at a logical 'O' the contents of the alarm store 
are displayed. 

When set time/increment minutes occurs, Ihe clock is stopped 
and remains stopped with the seconds reset until set time is open 
circuited or returned to a logical T. This enables the clock to be 
easily synchronized to an independent time source. No other 
setting conditions interruDt the seconds, 

50/SOHz Inpul 

This input accepts a line frequency signal at either 50 or 60 Hz 
and Is subsequently used as the basic count time base. 
Segments Output Control (Brightness) - CK300O 
All output steges consist of athree device cascade configuration 
of which one device controls the output voltage current charac¬ 
teristics. (See Fig. 7.) From the characteristics it wilt be seen that 
a wide range of operating conditions are possible, allowing 
operation in either the resistive region (V proportional tol) or the 
constant current region. (I independent of V). Note that during 
device operation 24 of the 26 available segments can be on 
simultaneously, so in setting the device operating point it is 
importentthat each output stage does not exceed (on an average 
basis) one twenty fourth of the peak allowable package dissipa¬ 
tion. i.e. approximately 20 mW per output. 

It is also important that the dispfay V-l load characteristic does 
not interrupt the avalanche region of the output device charac¬ 
teristic or off segment glow will be observed or in the limit device 
malfunction or damage can occur. 

The output stages and control brightness were designed to be 
used with half line cycle anode voltage and a corresponding half 
cycle control of brightness to ensure the display is: (a) Oftduring 
segment data changes, and (b) T o allow current to turn off and on 
in display gradually. Which will result in almost a total absence 
of R.F.I. 


Segments Output Control (Blanking) - CK3100 

Due to the high current handling capabilities of the oulput stages 
of this l,G.,itls not possible to control the output V.l. characteris¬ 
tic by using a second series device. To regulate the display to Ihe 
required brightness several options are possible externally and 
the following internally.The segment output control can turnoff 
the display at any time by taking this Input to a logical 'O'. It is 
possible therefore to use half or full wave rectified signal on this 
display anode and prematurely shut thedisplay down in each line 
cycle to control the conduction angle hence, average light out¬ 
put, using this control pin in phase relationship to the anode wave 
form- 


!L°ro4h » P a“ma tube oft-segment. For ease ot operation I. .a 
suggested V.S.O. Is connected to Vr- 

am /PH indicator dr i ve r wnich can be used to 

^e 3 XCln^c"e cur^n, charac,eristic as otner 

segments). 

cured* (Segment) Output Driver. (Pin. IS ihni 39) - 

CK3000 rathodes of the display without any 

All these pins driv• th X hese outputs are designed to 

SI,So Siangan the other outputs. The 
^SaSristics of ^segment drivers can be controlled 
by pin 12 (See Figs.7 and 8). 

L.E.D/S. 

The output characteristics oi the segments are shown In (Flg.5T 
Note It is recommended that the packege power dissipation he 
kept below soomw, therefore, with a possible 24 simultaneous 


oi.tcuts beinn on together then each segment should be oper¬ 
ated whh an average power level ot 2r mW or on average current 
Of i5mA The peak current for maximum number of 30 9 ment 
condition (i.e. 24) should not exceed 40 mA per segment or th 
device will suffer permanent damage, 

Colon Utilization (Pins 24 and 25) 

Two colons shew alarm/clock condition. 


•colons Hash alternately. 

3 33 Minute Output — CK3100 

TMspin prod uses 3 pulses in each ten-minute period or IB pulses 
per hour and can be used for Inputting to an external sleep 
counter, tor clock radio type applications. 

Make Output — CK310U ... 

This output turns "on” at the Instance of alarm compare Bnd stays 
on until the I.C. reoelves an alarm cancel signal. The wake output 
has been incorporated tor eppllance control. or^ clock radio 
applications. Output characteristics are shown In Figures. 




NOTE- Al L RESISTORS 025 W UNLESS STATED OTHERWISE 
N0 disconnect pin * for so h* opera^n 




AC.r-4 SSL 



LL RESISTORS 02SW UNLESS STATED OTHERWISE- 


Ftg.2 110 08 230V LINE OPE8ATED CLOCK USING DIRECT DRIVE PLASMA DISPLAY 
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Maximum Ratings* 

Voltage on any pin with respect to VN 

Voltage ort Segment Output Pins. 

Storage Temperature Range . 

Power Dissipation at 70 °C. . 

Operating Temperature. 

Standard Conditions {unless otherwise noted) 
v N = ov 

Vp “ +7 to M8V 
V S0 -+5to+18V (CK3000) 

Operating Temperature (T A ) = +25°C 


. . 0 to +25V 
0 to +45V (CK3000-2) 

• “65 0 C to +150°C 

• - 500mW 

"25°C to +70°C 


Exceeding these ratings could cause perma¬ 
nent damage Functional operation of these 
de.ices at these conditions Is not implied 
--operating ranges are specified below. 


Characteristic 


Clock Input Frequency 
Clock Input 

Logic 'O' 

Logic T 

Oscillator Frequency (Fosc) 

Control Inputs 
Logic '0' 

Logic T 
Outputs 
Alarm Tone 
‘O' Level 
‘V Level 
Display Drive 
OFF Level 
ON Level 
Current 


0 

0.7 Vp 


0 

0,7 Vp 


Characteristic 


Clock Input Frequency 
Clock Input 

Logic 'O' 

Logic ' 1 * 

Oscillator Frequency (Fosc) 

Control Inputs 

Logic ‘O' 

Logic '1' 

Outputs 
Alarm Tone 
'O’ Level 
T Level 
Wake Output 
'O’ Level 
'1* Level 
Display Drive 
'0' Level 
'V Level 

3-1/3 Min. Output 
‘O’ uevel 
T Level 

Current 


Min 


DC 


0.7 V P 
2.5 


20 

0.7 V r 


0.7Vp 


_CK3000 

Typ*' _ [ 


Max 

2500 


+1.0 

Vp 


+1.0 

Vp 


10 

500 


Hz 

V 


mA 

jjA 


CK3100 

Typ** I Max 


50/60 


2500 


+1.0 

Vp 


Units 


••Typical values are at+25*c and nominal voltages. 


V 

V 

KHz 


mA 

V 


mA 

f*A 


mA 

PA 


mA 


Conditions 


Max. figure for test only. 


Set by external resistor 
and capacitor - See Fig .3 


at Vout = 3V; Vp = 16V 
at V 0 ir=15V 

Vou, - V P = Vso = 15V; Volt = 30V 
See Figs.7 & 8; V f)l ,T = 5V 
Not including outputs 


Conditions 


Max figure for test only 


Set by external capacitor 
and resistor - See Fig.3 


Volt = 3V; V P = isv 

Internal pull-up to Vp (approx, 5Kfi) 

Voi.T = 3V; Vp= 15V 
Volt — Vp 

Voi.x~2.2V; Vp — 15V 
Vout = Vp 

Vout = 3V; V P = 15V 
Internal pull-up (approx. 5Kft) 


NOTES: 

£ S v '; T e 

3. Under no circumstances must any pin be biaaetf tamonraw n V3lU0 approx,mate| y 200Kn. (CK3100) 

«•» be affected. y P '" b ° tosea ,emporar T ” Permanently negative with respect to V» pr device operation 

4. No output pin during operation mu8t 6xce ed V, transient,y or option will « effected. 
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typical characteristic curves 




Fig 3 OSCILLATOR FREQUENCY VS. RESISTANCE/CAPACITANCE V P = 15V Flg.4 OSCILLATOR FREQUENCY VS. SUPPLY 

VOLTAGE (Vp) R-680K C = 2000 pf 




Flg.5 TYPICAL LED OUTPUT DRIVER Flg.6 TYPICAL WAKE OUTPUT CURRENT 

CHARACTERISTIC FOR CK3000„ CK3100 ALARM 
OUTPUT AND WAKE OUT FOR CK3100 


Vp »I5V 



Vp=l5V 



Flg.8 


TYPICAL PLASMA OUTPUT DEVICE "ON" CHARACTERISTICS 










H 



4 Dsgit Alarm Clock Csrcutfs F 
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FEATURES 

n 12 and/or 24 hour clock, 24 hour alarm setting 
a Leading zero suppression in 24 hour mode 
o PM indication in 12 hour mode 
a 50 or 80 Hz operation 
n Snooze (sleep-over) alarm 
o Direct display driving (two digit duplexing) 

CK320O-Plasma 
CK3400 - LED 

a No display interface components 
a Seconds flashing colons 
a Alarm, set, and snooze indication 
b Line power interrupt indication 
a Low current consumption 

DESCRIPTION 

The CK3200 ana CK3400 are N-Channel MOS integrated cir¬ 
cuits, containing all the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 

The output stages of these circuits have been designed specifi¬ 
cally to directly drive the cathodes of Plasma displays (CK3200) 
or the cathodes of .largeidigit common anode L.E.D.’s(CK3400) 
with no interface electronic components whatsoever (Duplex 
mode). 

These integrated circuits also contain all the logic heeded for 
contact noise elimination and line frequency noise rejection 
reducing further support components. In order to overcome the used - that of half line cycle anode duplexing. The duplex 

extreme difficufties in eliminating radio frequency interference technique depends on the use of the two half sine-waves pro- 

(common problem of multiplexed display clocks) and to keep the ducect by two diodes pieced across an a.c. supply where the 
device in a low cost package a novel display driving technique is common connection becomes the system reference. 




3-12 


FUNCTIONAL DESCRIPTION 

The block olagram shows diagramatlcally the various logical 
function blocks that make up thcCK32Q0 and CK3400 integrated 
circuits. The various units have the following functions. 

Oscillator; 

The oscillator provides two basic functions in this integrated 
circuit. 

1 . provides a suitable frequency in the audio range for modulat¬ 
ing an external transducer at and during the alarm time. (Nomi¬ 
nally 1 KHz) 

2. Provides a strobe frequency for strobing the 50 or 60 Hz line 
frequency into a 'D' type flip flop to statistically eliminate the 
noise. (Nominally 250 Hz) 

Debounce Logic 

The logic here is used to eliminate contact noise closure on any 
input line and this is achieved using one second digital one shot? 
in combination with 250 Hz strobe pulses, e.g. With the set-time 
or alarm enable inputs at logic zero the increment Inputs are 
looking for one contact closure in each one second period. Any 
further closures are ignored. However If any increment pin Is at 
logic zero and the set time switch is open and closed multiple 
counting will result. This logic also directs increment signals to 
the appropriate counter. 

Divider 

The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 

Snooze Control 

This logic stores the information that an alarm compare has been 
reached, and initiates a 5 minute counter, which then runs 
continuously until such time that Dn an exact multiple of five 
minutes if the alarm/tone cancel switch is at zero, It will then stop 
and reset the alarm compare store. During the 5 minutes the 
alarm tone is made active tor one minute In each fiveproduclng a 
1 Hz modulated 1 KHz tone. If when the alarm tone is active the 
alarm tone cancel Is taken to logical zero the tone will cease until 
the next five minute period. 

Duplex Display Driving 


To uBe either CK3200 or CK3400 the display is connected in the 
following manner. 



Segment a Digit 1 connecled to segment a Digit 2 
b b 

c c 

d d 

e c 

f f 


9 g 

Segment a Digit 3 connected to segment a Digit 4 
b b 


c 


d 


d 



pm flag (indicator) segment eorweeted to upper colon segment 

Alarm setting flag segment connected to lower colon segment 

Anode digit 1 connected to Anode digit 3 

Anode PM indicator connected to Anode digit 4 

Anode digit 2 connected to Anode digit 4 

Upper colon anode connected to anode digit 3 

Lower colon anode connected to anode digit 2 

Alarm setting flag connected to anode digit 1 

The anode can then be selected by the application of alternate 

half-cycle sine waves. 

NOTE: 

The phase of the incoming 50/60 Hz count to 1C will then 
automatically deliver the correct segment data to display. 

■ 33 ■■ SB • 

unit! 

Digits PM 4 3 Colon 2 1 Alarm Flag 


Anode phasing 50/60 Hz High ~ Digits 1 and 3 selected 
Low » Digits 2 and 4 selected 

DEVICE UTILIZATION 
50/60 H2 Control 

For 60 Hz operation Connoct to V p or leave open circuit 
For 50 H 2 operation Connect to V N 
12 And/Or 24 Hour Select 

The 1C has the ability to display the correct timein 12or24hour 
mode under the control of the 12/24 select pin. Changing this pin 
from Logic 'O’ to 'V or 'T to '0‘ will immediately display the 
corrected time. 

High i.e. T = 24 hour mode 
Low ‘O'= 12 hour mode 


*19:53 Becomes 
or 1^53 Becomes 


1:33 
! 9 :33 


No leading zero is shown in 24 hour mode. 


I 3 : 3E 0 : 3E 


For economy a single segment is employed wnicn is illuminated 
in 12 hour time, during PM period. 

Alarm Cancel & Alarm Tone Output - CK3200 

In CK3200 (Plasma) the alarm tone output, alarm ano tone cancel 

input uses the same pin for all three functions. 

1. Alarm pin held to less than 1 volt (inputting a logic '0') alarm is 
not requested. 

2. Alarm pin returned to positive supply through an appropriate 
resistance such that output is above 3 volts. (1C pulling approx¬ 
imately 1 mA) Alarm is requested. 

3. At the alarm time this pin alternates oetween an open circuit 
condition and pulling 1 mA at the alarm tone rate. 

fSee Fig. 2 for typical external connections! 
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For normal operation the alarm cancel Input is allowed to estab¬ 
lish its own voltage (see Fig. 2). Under this condition any coinci¬ 
dence between the time and alarm store will cause the alarm tone 
to be output on this pin. This tone will remain present for one 
minute unless cancelled by momentarily connecting this pin to a 
logical 'O’ (less than one volt). This tone will re-occur five minutes 
(and subsequent multiples of 5 minutes) after the original alarm 
time tor a du ration of one mi nute u n'ess cancelled by momentary 
connection of pin to logic 'O' thus providing the snooze facility. 
To completely cancel the alarm - snooze sequence, the coinci¬ 
dence of this alarm pin being at a logical ‘O' and the start of the 
next alarm tone period Is required. Immediately after this oc¬ 
curence the alarm cancel input may be returned to the normal 
position and the alarm will be re-erabied for the following day. 
Alternately if either thesettime orset alarm inputs are connected 
momentarily to a logical 0’ after the first minuta of alarm, the 
alarm logic will be triggered for the next day. 

Alarm Cancel & Alarm Tone Output - CK3400 

In CK3400 the alarm output is on a deaicated pin (see Fig.3). 
Alarm cancel can be achieved by either taking set time or set 
alarm to a logic'0'during the post alarm time. 

Tone cancel is achieved by a momentary connection to a logic ‘O’ 
ot both set time and set alarm simultaneously. 

For normal operation the set time and set alarm input are left 
open circuit. Under this condition any coincidence between the 
time and alarm store will cause the alarm tona to output on the 
alarm tone pin. This tone will remain present for one minute 
unless cancelled by momentarily connecting both set time and 
set alarm simultaneously to a logical ’O', This tone will re-occur 
five minutes (and subsequent multiples of 5 minutes) after the 
original alarm time for a duration of one minute unless cancelled 
by momentary connection of set time alarm to a logic ’O’ thus 
providing a snooze facility. 

To completely cancel the alarm sequence, either set time or set 
alarm pin is taken to a logical 'O’. Immediately after this oc¬ 
curence the alarm will be re-enabled for the following day. 

The alarm tone is a nominal 1 KHz sq uare wave chopped by al Hz 
square wava. 
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Frequency Set 

An external resistor to V P and external capacitor to Vn are used to 
control the frequency of the oscillator. These values should be 
selected to ensure approximately 4KHz oscillation. 

The following graphs give a guide to component values for 
different V P values. 




Setting Up Procedure (Pina 6 Thru 9) 

In the normel clock running condition, pins (6 thru 9) should be 
open circuit or at logical * 1 '. 

Toenter set mode either set time or set alarm should be pulled to 
logical 'O’. Under this condition increment minutes and incre¬ 
ment hours inputs are enabled and when either is pulled to a 
logical 'O' then the corresponding hours or minutes will incre¬ 
ment at a 1 Hz rate, All minutes to hours carries are suppressed 
while time is being sat. 

When set alarm is at a logical 'O’ the contents of the alarm store 
are displayed 

When set time/increment minutes occurs, the clock is stopped 
and remains stopped with the seconds reset until set time is open 
circuited or returned to a logical 1. This enables the clock to be 
easily synchronized to an independent time source. No other 
setting conditions interrupt the seconds. 

50/60 Hz Input 

This input accepts a line frequency signal at eltner 50 of 60 Hz 
and is subsequently used as the basic count time base. 

Segments Output Control (Brightness) - CK3200 

All output stages consist of a three device cascode configuration 
of which one device controls the output voltage current charac¬ 
teristics (see Fig.5). From the characteristics it will be seen that a 
wide range of operating conditions are possible, allowing opera¬ 
tion in either the resistive region (V proportional to I) or the 
constant current region (I independent of V), 



The output stages ana control brighxness were designed to be 
used with a half line cycle anode voltage and a corresponding 
half cycle control of brightness to ensure the display Is 

a. Off during segment data changes 

b. To allow current to turn oft and on in display gradually. 

This will result in almost a total absence of R.F.l, 

Segments Output Control (Blanking) - CK3400 

Due to the high current handling capabilities of the outpu t stages 
of thisl.C..it Is not possible to control the outputV.I. characteris¬ 
tic by using a second series device. To regulate thedisplay to the 
required brightness several options are possible externally and 
the following internally. The segments output control can turn off 
the display at any lime by taking this input to a logical 'O'. It is 
possible therefore to use half or full wave rectified signal on the 
display anode and prematurely shutthe display down in each line 
cycle to control the conduction angle hence average light output, 
using this control pin in phase relationship to the anode wave 
form. 

AM/PM Indicator 

This output is an additional seg ment driver which can be used to 
give an AW/PM indicator. (Voltage current characteristic as other 
segments) 

Cathode (Segment) Output Drivers - CK3200 

All these pins drive the cathodes ol the display without any 
additional interface components. These outputs are designed to 
withstand higher voltage signals than the other outputs. The 
output characteristic of the seg ment drivers can be controlled by 
pin 10. (See Fig.5) 

Cathode Segment Drivers - CK3400 

The output drivers of the CK3400 have sufficient current han¬ 
dling capabilities to drive even the most inefficient of today's 
available L.E.D.'s. The output characteristics of the segments are 
shown in Fig.5. 

NOTE: 

It is recommended that the package power dissipation is kept to 
below 500mW, therefore, with a possible 16 simultaneous outputs 
being on together, then each segment should be operatad with 
an average power level of 31mW or on average current of 25mA. 
The peak current for the maximum number of 3egmonts condi¬ 
tion (i.e. 16) should not exceed 60mA per segment or the device 
will suffer permanent damage. 

It is also important that the display V-l load characteristic does 
not interrupt the avalanche region of the output device charac¬ 
teristic or off seg ment glow will be observed or in the limit device 
malfunction, or damage can occur. 


Colon Utilization 

Two colons (Pins 24 and 25) show alarm/clock condition. 


Clock 

Alarm j 

Colon A 

Colon B 

Stopped/Setting 

Don't care 

OFF 

OFF 

Running 

Set 

1Hz Flash. 

1 Hz Flash. 

Running 

Not set 

1 HzFiash, 

1 HzFiash. 

Running 

Snooze period 

1 HzFiash. 

1 HzFiash. 




ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


pig,6 TYPICAL APPLICATION 



Voltage on any pin with respect to Vs . 

Voltage on segment output pins, . 

Storage temperature range. 

Power dissipation at70°C. 

Operating temperature 

Standard Conditions (unless otherwise noted) 

Vn = OV 

V p = +10 to +1BV 

Operating Temperature (Ta) =+2S°C 


-0.3 to +30 volts ’Exceeding these ratings Could cause perma- 

. -0.3V to +45V nent damage. Functional operation of these 
-85°C to+150°C devices at these conditions is not Implied 
. 500 milliwatts —operating ranges are specified below. 

—25°C to +70° C 



CK3200 


Characteristic 

Min 

Typ" 

Max 

Units 

if; 

Conditions f 

Clack Input 

Frequency 

DC 

50/60 

50,000 

Hz 

Max figure for test only 

Logic'O' 

0 

— 

0.8 

V 


Logic"!’ 

0.7V P 1 

— 

v r 

V 

l 

Oscillator Frequency (Fosc) 

3 

4 

6 

kHz 

Set by external resistor and .£ 

Control Inputs 

Logic '0' 

a 


0.8 

V 

capacitor at V P = 15V f 

Logic 'T 

0.7V p 

— 

v P 

V 


Outputs 

Alarm Tone 

Cancelled 

-0,3 


0.3 

V 

I 

Typ 1 sinK=3maal>2.5V & 

Tone 

3 

— 

V, 

V 

f 

Display Drive 

OFF Level 

__ 

_ 

2 

uA 

i 

Vp^ 15 V, Vooi=45 Volts V 

ON Level 

— 

— 

— 

— 

See Figs.4a-b*c 

Current 

0.4 

— 

3,0 

mA 

Not including outputs l- 


CK3400 


Characteristic 

Min 

T /. 1 

Typ 

Max 

Units 

Conditions 

Clock Input 

Frequency 

DC 

50/60 

i 50,000 

Hz 

Max figure fc test only 

Logic 'O' 

0 

— 

0.8 

V 


Logic '1' ! 

0.7V P 

— 

V, 

V 


Oscillator Frequency (Fosc) 

3 

4 

6 

kHz 

Set by external resistor and 
capacitor at V 9 15V 

Control Inputs 

Logic '0‘ 

0 

_ 

0.B 

V 


Logic T 

0.7V,; 

— 

Vr 

V 


Outputs 

Alarm Tone 



40 

M 

Volt = 0.3 Volts, 

Typ 1 sink = 3ma at > 2.5V 

Display Drive 






OFF Level 

— 

— 

10 

pA 

V P = 15V, Viler = Vp 

ON Level 

— 

— 

20 

mA 

See Figs. 4a-b-c, Vow -- 3 Volts 

Current 

0.4 


3.0 

mA 

Not Including outputs 


"Typical values are at +25°C and nominal voltages. 
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PRELIMINARY INFORMATION 




Digital Clock Module 


MODULE FEATURES 

■ CK3400 N-charme) clock radio circuit 
a LED display; 4 Digits plus colons 

» No external contact noise elimination circuits required 

* vf eX ' e / l ? al ,ine frw * uenc y noise rejection circuits required 
» 12 or 24 hour display 
B Leading zero suppression in 24 hour mode 
e PM indication in 12 hour mode 

■ Alarm-snooze indicator 

■ 50Hz or 60Hz operation 

■ Line power interrupt indication 

■ Sleep operation Indicator 

■ Low power dissipation 


CLOCK FEATURES 

■ Simple support electronics 
« 5 minute repeating snooze 

* Simple setting of time, a/arm, and sleep 

■ Hold and synchronize capability for time setting 

■ Independent hours, minutes setting (carry propagation 
suppressed) 


DESCRIPTION 

CKa«n S fe?i t™" 1 " contains 3 ,our digit LED display and a 
CK3400 LSI microcircuit featuring all the necessary logic 

circlets tn ' C "i CUtoi C ° ntrol swi,chin 9 »"« timing 

e rrim , U P J enl slm P l3 -t°-use, low-cost, multi-featureC 
X?Sin , F ° f if'ci-tnatlon on the many features of the 
CK3400 microcircuit, refer to the detailed descripllone and 
applications suggestions contained In Ihe CK340O product data 
sheet beginning on page 3-12. 

The M-3400 module is labrlcatedon a single-sided printed circuit 
board measuring 1,500" * 3.930' 1 . 




CLOCK SYSTEM DIAGRAM 



1C POWER SUPPLY 
AND INTERFACE 


DISPLAY POWER 
SUPPLY AND 
BRIGHTNESS CONTROL 



1 5 

SET TIME 

if CO 

1 ° 

SET ALARM 

O 

INC HRS 


INC MINS. 


/•/ II 

ANODE 1/3 * 

1 1 1 

ANODE 24 / 

/ _/ 


-.ALARM CANCEL 

4tone cancel 


MODULE OUTLINE 


!!6 1 

a l 1 

1 1 o 1 1 

1 1 

a U 

u ° u 

u 


1 1 

-j- 0.20C 

I I 

8 o? 

r_ O 

! 1 


P —1»| I*.— —• 0.050 0.t28 DIA (4| -)JrM 


All dimensions in inches. 
All dimensions nominal. 


It 

111 
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4 Digit Ciock Radio Circuit 

FEATURES 

“ 4 Digits plus colons 

a LED direct duplex drive 

a No display-IC interlace components 

a No radio frequency interference problems 

a No external contact noise elimination circuits required 

0 No external line frequency noise rejection circuits required 

a 12 or 24 hour display 

s Leading zero suppression in 24 hour mode 

a PM indication in 12 hour mode 

a Alarm-snooze indicator 

" 50Hz or 60Hz operation 

« On-chip oscillator for standby operation with battery during 
line Failure 

n Line power interrupt indication 
o Sleep operation indicator 
n Low power dissipation (under 30 mW) 

CLOCK RADIO FEATURES 

a Simple support electronics 

m Analog sleepsetting (user controlled 5 to 120 mins with 1 
minute resolution). No necessity for dally adjustment 
o Totally independent sleep and wake timing 
n I ndependent volume of music during sleep and wake 

■ Radio sound muting during normal radio listening 

■ Wake to music or alarm tone 

* Self-cancelling alarm after 80 minutes of wake 
= 5 minute repeating snooze with radio and/or alarm 

■ Sleep override or sleep repeat 

a Wake to alarm tone with quiet radio override (every 5 
minutes) during snooze time (repeatable) 

■ Simple setting of time, alarm, and sleep 

a Hold and synchronize capability for time setting 
a Independent hours, minutes setting (carry propagation 
suppressed) 

a 5 minute pre-alarm appllcance switching 
a Automatic tape recorder control (record your favorite 
program automatically 0-120 minutes—starting from the 
exact second) 


PIN CONFIGURATIO? 

28 LEAD DUAL INLINE 

Top V 



v„r 

*•. W 

28 1 


Colons C 

2 

17 

b 50/60 Count Input 

PM/Indicator/Sleep Indicator C 

3 

25 

OSC 1 (Standby Tlmng] 

i D'.fifla 3 a 4 C 

4 

24 

OSC 2 [Sleep Timing) 

o Difllu 3 a 4 tr 1 

5 

2< 

3 tnc Hour* (SIN) 

« Diglu 3 4 4 C 

6 

?3 

Inc ta,ni (S.c./S.R.) 

o Digiia 3 a 4 C 

r 

22 

ST Set Tlra 

c Digits 3 i 4 c 

B 

Si 

S.A Sat Alarm 

D Digit! 3 A « c 

9 

20 

Wake 1 Out {12-'24 Hr S*i| 

n Digits 3 S 4 C 

10 

19 

Wake 2 Out'(50/60 5a!) 

a Digit! Use 

T1 

IS 

Sleep Oul 

' Digits 1 S J C 

ra 

IT 

b Digils 1 6 2 

a Digits 1 4 J C 

10 

IB 

g Diglu 1 4 2 

d Diflrt! t & } c 

14 

15 

c Digits 1 6 2 


DESCRIPTION 


The CK3300 N-Channei MOS LG. contains all the necessary 
logic, contact noise elimination circuits, control switching, seg¬ 
ment drivers and timing circuits to implement simple-to-use, low 
cost, multi-featured clock radios. 

Due to the extreme difficulties in eliminating R.F. I. in radios when 
used in conjunction with digital electronics a great deal of care 
has gone Into the design of the L.S.I. to ensure that little or no 
R.F.I. problems are mettiy the clock radio designer. The largest 
R.F.I. problem in Display Driving has been solved using a novel 
technique—that of half-line cycle anode duplexing using the 
half-sine waves produced by two diodes, and ensuring that all 
segment data changes occur at the zero crossings of the line 
cycle. This technique allows brightness control to be achieved 
simply by resistlvely dividing down the line voltage with a poten¬ 
tiometer, or a simple two level scheme using a transformer tap. 
Segment driving of the two groups is directly from the I.C, 
through 50 ohm switches which allow the high current peaks 
required of LEDs, up to one inch in size, while keeping the I.C. 
Power dissipation, for reliability, down to the 200 to 250 mW level. 
The I.C. also contains many unique foatures which enable the 
equipment designer to put into the clock radio his company's 
own product image. 
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PIN FUNCTIONS 
Vn - (P>fl D 

Is the most negative power supply to the chip (0 volts). 

Segment Drivers (Pins 2-17) 

These outputs are 50 D switches which drive the segments of 
common anode LED's directly. Their use and operation is as 
follows: 

To use Ihe CK3300 with LEDs, the LEDs must be of tne COMMON 

ANODE TYPE, and connected in the following manner. 

segment a digit 1 connected to segment a digit 2 

segment b digit 1 connected to segment b digit 2 

eegment c digit 1 connected to segment c digit 2 

segment d digit 1 connected to segment d digit 2 

segment e digit 1 connected to segment e digit 2 

segment f digit 1 connected to segment f digit 2 

segment g digit i connected to segment g digit 2 

segment a digit 3 connected to segment a digit 4 

segment b digit 3 connected to segment b digit 4 

segment c digit 3 connected to segment c digit 4 

segment d digits connected to segment d digit 4 

segmente digits connected to segment e digit 4 

segment f digit 3 connected to segment f digit 4 

segment g digit 3 connected to segment g digit 4 

Colon 1 segment connected to colon 2 segment 

PM indicator segment connected to sleep/power down indicator 

segment 

Anode dig it 1 to anode digit 3 
Anode PM indicator to anode digit 4 
Anode sleep indicator to anode digit 1 
Anode colon upper to anode digit 3 
Anode digit 2 to anode digit 4 
Anode colon lower to anode digit 2 

The anodes can then be selected by the application of alternate 
half-cycle sine waves derived from a transformer from the line 
The phase of the incoming 50/60Hz count to IC will then auto¬ 
matically deliver the correct segment data to the display. 

r ?3:5E- 

DIGITS I S h U i 
PM 4 3 Colon 2 i Sleep 

Anooe phasing: 50/60 high = digit (1 & 3) selected 
low - digit (2 & 4) selected 

Sleep Output (Pin 18) 

this output turns on while the sleep counter is running and is 
indicated as active by en Indicator in the display (Pin 3). This 
output turns on immediately following a sleep initiate and is 
cancelled either by sleep time being complete, asleep cancel, an 
alarm comparison taking place. Or an end of snooze period. This 
pin Is also used as an Input during circuit test to speed up testing. 
Wake 2 Output/50-60 Hz Mode Select (Pin 19) 

This output turns on at alarm compare time and stays on unless 
either an alarm cancel or a snooze repeat is activated. 

If snooze repeat is activated this pin wilt go off until the next 5 
minute period elapses when it will again turn on. 

The snooze can be repeated indefinitely. 

If the alarm Is not cancelled this output wilt turn off 80 mins after 
the last snooze repeat re-triggering alarm for the next 24 hour 
period. 

Thispin is also the 50/60Hz Select input during the time at which 
Set Time and Set Alarm are at a logic *1’ (last data on this Input 
when either Set Time or Set Alarm changes state is stored in an 
internal latch). 

Weke 1 Output/12 Or 24 Hour Select (Pin 20) 

This output turns on at alarm compare time ana stays on un¬ 
interrupted until either 

a. An alarm cancel 

b. 80 continuous minutes from alarm time 

c. 80 continuous minutes from last snooze repeat 


During the time that Set Time and Set Alarm are et a logic 'V 
together, this pin is the 12/24 hour select input. 

The last data on this pin before a data change on Set Time or Set 
Alarm is stored internally in a latch, and defines 12 or 24 hour 
operation. 

Set Alarm (Pin 21) 

Thispin, held at zero while Set Time is at a logic T, enables the 
Increment Minutes and Incrament Hours inputs to the alarm 
counter, such that each change of state (1—0) of the increment 
inputs will advance the appropriate counter by one unit. 

Set Time (Pin 22) 

Is identical in operation lo the Set Alarm pin, but in this instance 
allows the counts to be entered into the time counter. 

Taking both SetTime and Set Alarm tea logic ^’allows the Wake 
outputs to become active when the time reaches the alarm time. 
Returning either Set Time orSet Alarm to a logic '1‘ will cancel the 
alarm. 

Increment Mins/Sleep Cancel/Snooze Repeet (Pin 23) 

If SetTime orSet Alarm is at zero, this input provides one unit of 
incrementforeach logic transition from one to zero. (Thisinputis 
de-bounced against switch noise). If both Set Time and Set 
Alarm are at a logic 'V or logic ‘O’ and the sleep timer is running, a 
logic zero on this input will cancel sleep, 
tf both Set Time and Set Alarm are at e zero and the Wake outputs 
are active (i.e., post alarm time), then Wake 2 will be cancelled for 
a period of up to 5 mins when Pin 23 is,taken to logic 'O', If this 
input is at zero when the alarm comparison takes place, then 
Wake 2 will stay off until 5 minutes have passed. 

Increment Hours/Sleep Initiate (Pin 24) 

If either SetTime orSet Alarm is at logic'O', this Input provides 
one unit of increment to the required counter tor each logic 
transition from 1 to 0. (This input rs de-bounced against switch 
noise). If both Set Alarm and SetTime are at logic 'Tor logic "O’, 
this input will cause Sleep output to become active fo^ the time 
resulting from current sleep oscillator frequency. 

OSC 2 (Pin 25) 

Inis pin produces a triangular wave oscillation depending on the 
value of resistance and capacitance. This oscillator is used to 
produce the sleep period by being gated internally with 160th of 
Osc 1 frequency (i.e. 50/60Hz). 

Additionally connected to this pin is a low level detect circuit 
used with oscillator 1 for re-setting all internal logic to 12:00 in 12 
hour mode and 0:00 in 24 hour mode. This low level detect is also 
used to detect that standby operation Is required. 

OSC 1 (Pin 26) 

This pin produces a triangular wave oscillation depending on the 
external value of resistance and capacitance. The signal is used 
during normal operation to provide internally to the I.C. - 
e. the internal timing for a series of one-shot gates 
b. After division, the frequency to de-bounce other external pins 
via D-type latches. This frequency is further divided down to 
50/6QHz and is used as the source frequency during standby 
operation. 

Connected internally to this pin is a low level voltage detector 
which is used in conjunction with a low level voltage detector on 
Osc. 2 (pin 25) to reset all the internal logic to 12:00 in 12 hour 
mode and 0:00 in 24 hour mode This low level detect is also used 
for test purposes. 

50/80 HZ In (Pin 27) 

Thisinput is the normal source of timing. This input drives both 
the internal count and the alternate half line selection of the 
segment outputs. 

For equal brightnessin thedisplay this input must have a1:1 mark 
space ratio (±20%). 

There Is no necessity for eliminating tine noise externally when 
providing this input signal as an internal arrangement eliminates 
undesired counts. 

V p (Pin 26) 

Is the most positive power supply to the chip (typically 10 volts) 



A 
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Pins 19. 20, 23 end 24 ere dual function pins which operate as 
inputs or outputs dependent on the state of the Set Time and Set 
Alarm inputs: 

INC INC SC/ Wake Wake SO/ 12/ 

S.T. S.A. MIN HR SR SIN 1 2 60 24 

11 --**--** 

1 0 . 

0 1 . 

0 0 

'Operable -Not Operable 


Set time (S.T.) Pin 22 

Set alarm (S.A.) Pin 21 

Increment minutes (inc min) Pin 23 

Increment hours (inc hrs) Pin 24 

Sleep cancel (S.C.) Pin 23 

Snooze repeat (S.R.) Pin 23 

Sleep initiate (SIN) Pin 24 

Wake 1 Pin 20 

Wake 2 Pin 19 

50/60Hz Select Pin 19 

12/24Hr. Select Pin 20 


Using Wake 1 Or 3 —Input/Output Functions 

When the Set Time (S.T.) end Set Alarm (S.A.) inputs are at logic 
one, the !C outputs Wake 1 and Wake 2 become inputs to two 
bistable gates which store the logic conditions on those pins: 
50/60HZ Select on the Wake 2 pin and 12/24Hr. Select on the 
Wake 1 pin. 

50/60Hz Select 

Set Time or Set Alarm must be at zero before data on Wake 2 
changes, or clock can change its 50/60 pre-di vide mode.Toavoid 
this, the following circuit is recommended: 



poianty will immediately change the displayed time from 12 hour 
mode to 24 hour mode or vice versa, 
e.g. 21 : 56 becomes *9 :56 

or *9:56 becomes 21:56 

No leading zero is shown in 24 hour mode; 

12:32 in 12 hour time becomes 0:32 in 24 hour time 
(Note: 12 to 24 hour displayed time change can only be achieved 
when the alarm is not requested and not in set mode) 

For economy of LEDs a single dot is employed which Is illumi¬ 
nated during the PM period in 12 hour time. 

Time Selling 

Four Input pins (S.T., S.A., Inc Hr., Inc Mins.) are provided to 
enable the following four functions to be provided: 

a. Setting tne time 

b. Setting the alarm 

c. Stopping the clock 

d. Starling the clock 

For synchronizing purposes 
S.T. = 0 

Allows each depression of Inc Hrs to advance nrs by one count. 
Clock will stop on the first inc mins and will remain stopped until 
ST -1, thus ellowing synchronization. The device assumes that 
the hours may need to be changed without affecting mins, but 
assumesclock is incorrect if minutes arechanged, thus stopping 
clock and re-setting internal seconds counter to zero. 

S.A. = 0 

Selects alarm time and, for each depression of Inc Hours, hours 
are advanced one and, (or each depression of Inc Mins, minutes 
are advanced one. 

NOTE: 

No carries from minutes to hours occur during setting of time or 
alarm 

Radio Control Inputs 

TheinputsS.T„S.A., IncMin, Inc Hr, serve as radio control Inputs 
under the following conditions. 

S.T. And S.A. 

At zero together - alarm is requested. S.T. and S.A. at logic one 
together - alarm not requested, but if taken to logic one during 
post alarm, alarm is cancelled. 

S.T, and S.A. different will also cancel alarm if alarm is active. 
S.T. S,A. Pre-Alarm Post-alarm 

1 1 Not required Cancel 

1 0 Not required Cancel 

0 1 Not required Cancel 

0 0 Requested Alarm maintained for 80 mins 

S.T., S.A. -1 

If S.T. and S.A. are at a logic 1 together du ring pre-alarm time, the 
following functions can be obtained using Inc Min - Inc Hrs 
inputs. Inc Hrs input going to logic zero for at least 20m secs will 
result in sleep output going to zero for the period of time set by 
steep potentiometer. 


S 


With the Set switch in the center position the set inputs are pulled 
up to a logic * 1 ' by the 1C, provided the Alarm switch is in the off 
position. The load(R load) will pull the junction of the two diodes 
and R2 to a logic 'V. 

The output pin Wake2 will either be pulled up or down depending 
on the connection of R3. 

Changing of Set switch will pull down the appropriate Input and 
not affect other external circuit conditions. 

Change of position of alarm ON-OFF switch will allow R2 to pull 
down both Set inputs to zero before Wake 2 output is connected 
to load, This ensures that the internal 1C latch is disconnected 
from wake line before data on wake line can influence stored data 
In latch. 

12(24 Hr. Select 

For the "Wake 1 output 12-24 hour select", changing the logic 


Atany time Inc Mins input (SC/SR) going to zero for at least 20 m 
secs will cancel sleep timer if sleep output is active. 

To reduce the numberof knobs,switches, wiring etc., in the clock 
radio the following alternative feature is provided. If (S.C./S.R.) is 
wired to (SIN) a dual action is achieved. 1st depression of switch 
activates sleep, 2nd cancel sleep.Srd re-activates etc. Thisallows 
features (a) if user decides he wishes radio off after he has been in 
bed for a few minutes, he pushes button, or (b) radio goes off 
automatically because sleep period has finished, but user is not 
asleep and would like radio to continue, so he presses button 
again. 

S.T., S.A. = 0 

In pre-alarm period the function performed when S.T., S.A. = 1 13 
identical. (When the alarm sounds at the requested alarm time 
the input (S.C./S.R.) (Inc Mins) becomes the 5 min snooze repeat 
Input.) 




A! alarm, the effect ot (S.C./S.R.) becoming aero lor et least Mm 
JL, is to turn Wake Z output of! until neat 5 mm interval if again 
Harnessed Wake 2 will turn oft for a further 5 mins this SB 
fu^ce“111 go Melinite* until 8.T., or S.A. or both are returned 
?nIonic* cancelling alarm. If Inpurs to the devme are lelt 
unchanged lor 80 mins then alarm will re-sev for 24 hours. 

I n to improve tne radioleatures end simplify radio operation 
metiel function ol (S.C./S.R.) and (SIN) or one button perlorms 
the following three functions: 

Initiate steep (SIN) 

Cancel sleep (S.C.) 

Snooze repeat (S.R.) 

“ ,, rnCeToI1.toapad.welycoupleoto { S.C./S.R., input 
thenar a”rm time Wake 1 will turn on and stay on but Wake Z win 

1 mediately become cancelled, hence no alarm will be beard 
Tom rldlo until 5 minutes later; .bis allows an electrical appliance 
to be turned on 5 minutes prior to alarm sounding. 

, ci^rt Timer for Tape Recorder Control 
Me°.pllrput (SIN) in directly coupled to Wake 1 output then a 
loe recorder or any electrical equipment can be turned on at 
SEn time using sleep output for a period of time set on sleep 

potentiometer. 

Radio Control Outputs 

There are three radio control outputs: 

a. Wake 1 

b. Wake 2 

c. Sleep output 

hWakel—goes at zero; l.e. ison at alarm lime lor a period of 80 
mins or until an alarm cancel. 

2 Wake 2 goes to zero at alarm time, and stays at zero until a 
snooze repeat Is activated then it will stay off until next5 minute 
point then return to zero, for a period of 80 mins unless snooze 
repeat is re-acllvated. Snooze repeat can be used indsf nitaly, 
until either a continuous 80 mins occurs or alarm is cancelled 
Note. The S minute period is any 5 min interval from alarm time 
and not 5 min from each snooze repeat. 

3. Sleep output goes low after a sleep initiate lor the pehod o 
time set by sleep potentiometer. (Will be ovehdden by Wake if 
sooner.) 


Colon UUIt*all° n 

function 

Set time 
Set alarm 
Stopped (Sync) 

Run (alarm not requested) 
Run (alarm requested) 
Snooze period 


COLON CONDITIONS 
BOTTOM TOP 



Sleep dot IS on for sleep ximet running, flashing for post line 
Interrupt (removed from flashing by movement of S.T. orb. a. io 
■O’) 

Stand-By Operation 

If a circuit is employed to change the 1C power source t0 oatt ® * 
during line failure, e.g. two diodes, then if the external .mkig 
components of oscillator 1 are set to give 8KHz (nominally R 
120K n - 2200pF) then the 1C will maintain operation to an 
accuracy of one part int20, i.e.,30 secs/hr, during the failure. On 
return to main power the sleep indicator will flash at tHZ to notity 
user that indicated time could be in error. 

The standby condition is detected by tne failure of oscillator 2 to 
oscillate, therefore oscillator 2 is connected to the line-derived 
power source, not the battery. « 

It is assumed OSC 2 input has gone to zero volts. | 

To remove flash condition teke S.T. or S.A. momentarily to zero. I 
Analog Sleep Control " 

A second oscillator is provided on 1C whose frequency can be 
controlled bv an RC network. This osillator is identical to 
oscillator one (Standby oscillator) and occupies the same silicon 
real estate location ensuring that process variations, temperature 
variations and voltage variations have as nearly as possible 
identical effects on frequency stability. Oscillator 1, which is set 
to 8KHz is divided down toSOHZ (20.0 msecs); and is used as a 
gating lime for oscillator 2 (Steep Timer Source).The number oi 
gated counts is loaded in the sleep timer (capacity 160 counts) 
and subseouently counted up at one per minute until 160 .is 
reached. 

The range of 3 leep time is controlled by varying OSC 2_resis¬ 
tance. At 4:1 change in resistance will give variation of 160 to 40 
gated aulses. this giving a sleep time of 0 to 120 minutes. 

Minimum sleep time to ensure correct snooze operation should 
be a minimum of 5 minutes. 

V P 

0 R1. Cl = 120K, 2200PF 

«> R2 - 0 ~ 450K 

^ I Frequency range = 8kHZ — 2kHZ 
I Gale time = 20ms 

Zero sleep counts-(20 x 10' J ) x (& x 10 ) = 160 

* Maximum sleep counts = (20 x 10“) x (2 x 10 ) - *0 
<*~"j Range = 120 counts 
I Hence 1 count = 1 min 


To initiate the sleep timer both S.T. and S.A. must logically be the 
same, and INC HR/SIN must be momentarily at zero- (See la.er 
section). 




-TjZ 


Fig.3 OSCILLATOR 
CHARACTERISTICS FOR V P = 10V 


Fig.4 OSCILLATOR 


Flg.5 OSCILLATOR 


CHARACTERISTICS WITH VOLTAGE CHARACTERISTICS FOR - 7.5V_ 
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ELECTRICAL CHARACTERISTICS 



■: i. 



Maximum Ratings’* 


Voltage any pin with respect to Vn. ..+20V 

Storage temperature...-65°C to ■ t 150°C 

Operating temperature.-20°C to -70°C 

Lead temperature (soldering 10 sec). t300°C 


•Excoeomg these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—ooeratlng ranges are specified 
below. 


Characteristic 

Min 

Typ” 1 

Max 

Units 

Conditions 

Power Supply Voltage 

6 

10 

18 

Volts 

Vr » 0V 

Supply Current 


2 

— 

mA 


50/60HZ Inpul 

Frequency (must be 
identical to anodes) 

0 

50/60 

50,000 

Hz 

V,- 10V 

Logic '1' level 

0.6 V p 


Vp 

Volts 


Logic ‘O' 'eve' 

0.0 


0.7 

Volts 


Inputs (Excl Oscillators) 

Logic T leve 1 

0.6V p 

_ 

VP 

Volts 


Logic '0‘ level 

0.0 | 

— 

0.7 

Volts 


Segments Out (on) 

— 1 

3G 


mA 

Vqi". = 1.5V 

(off) 

— 

10 


pA 


Wake 1, 2, Sleep Out (on) 

— 

30 

- 

mA 

Vor.si.5V 

(olf) 

— 

10 

- 

uA 


Wake 1, 2 (As Inputs) 

Logic T leve' 

0.6Vp 

„ 

vp 

j Volts 


Logic 'O' level 

0.0 

— 

0.7 

Volts 


Oscillators 1 and 2 

Hi level 

_ 

5.5 

__ 

Volts 

Free run 

Lo level 

— 

3.5 

— 

1 Volts 


Reset Level 

~ 


0.7 

Volts 



Unless specified otherwise, characteristics are defined with V t , - iOV at T A - +25° C. 
"'Typical values are ai-i-25°C and nominal voltages. 


NOTES' 

1 Under no circumstances during |C operation must any pin either input or oulput be taken to a voltage more negative than 
V n or 1C malfunction will occur 

2. No input or output must be taken to a Dositive voltage greater than 20 volts or permanent damage can result 

3. No output must be allowed to dissipate a continuous power in excess of lOOmW. 

4 Total chip continuous power dissipation must not exceed 500mW 

5 The total current being returned to V, tnrough all device pins must not exceed 1 amp. 


OUTPUTS 

Normally open circuit 

Operate ''on" (low impedance typically 50ft) 

INPUTS 

Wake 1 - as Input T~12hr '0*=24hr 

Wake 2 - as input T = 60Hz 'O’» 50Hz 

CLOCK INPUT NOISE ELIMINATION TIMING 
50/69Hz - strobed every 4ms internally for less than 1 us 

Testing I.C. Facilities 

1. Master reset' This can be activated by pulling OSC1 (Pm 26) 
and OSC 2 (Pin 25) to zero volts together 

2. Internal debounce and predivider logic may be bypassed if 
OSC t is taken to zero volts while OSC 2 is left running 

o. Under this condition Inc Hrs and Inc Mins pins are not de- 
bounced to allow fast incrementing tor test purposes, 
b. Also in this mode the 50/60H2 input pin is directed straight to 
the main counters under control of the sleep pin. If Sleep pin at 
'O’—50/60Hz input clocks 120 minute sleep counter, and with 
Sleep at 'V It clocks the main minutes count by passing the 
debounce and divide by 50/60 counter. Under this condition it 
also clocks the 5 minute snooze counter. 



Input and Output Characteristics 

INPUTS 
S.A. 

S.T. 

INC HR (SIN) 

INC MIN (SC/SR) 

50/6QHZ count input, active pull down 

For correct operation duty cycle of 50/6DHz must pe I; 1 x 20% 


Active pull up’s to V P j 250K p 
Operate level logic ‘0’ J 
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noaratlon Clock BaOlo Example 

(Sowing some features and their use) - ret Figs.21 ano 22 

connected to line lor 1st I,me. then battery is inserteo 
Assume following switch position RADIO OFF. SET TIME 
SWITCH - RON 

(Sav will illuminate and read 12-.00 sleep indicator will Hash at 
1HZ Set dock as indicated previously (Clashing will cease) 
l„ 24 hr mode 0:00 will illuminate with flashing sleep indicator 

Snooze B Bt Action 
IN RADIO OFF POSITION 

1s t button depression Low volume radio (set required volume) 

2nd button depression Radio off 

3rd button depression Radio on low volume 

4th button depression Radio off 

etc. ■ 

IN RADIO ON POSITION 

Radio comes on high volume (set wake volume requireo) 

1st button depression Low volume radio (mute facility) 

2nd button depression High volume 

3 rd button depression as 1 

4th button depression as 2 

Radio Auto 

In auto, alarm is requested at “set alarm" time. If sleep is desired 
press button. Subsequent button pushes will have same effect as 
in radio “off” position. 

Select Wake to Alarm Tone or Radio 
Assume radio selected 

At alarm time radio will come on at wake volume setting 

1 stbutton depression Radiowillswitchtotowvolume 

2nd button depression Radio will switch off 

3rd button depression Radio back a low volume 

If alter first depression radio is left untouched, radio will return to 

wake volume after five minutes 

If after 2nd depression radio is left untouched, raoio will stay of* 
for five minutes then return to wake volume 
This wake volume, if left, will be maintained for 80 mins umess 
radio is returned to radio ON or radio OFF switch position, 
changing switch momentarily from auto to ON orOF p and back 
to auto will reset alarm and re-request for same time next day. 
The above, repeating snooze, can be maintained idenfinitely if 
button is pushed before 80 mins elapses 
Noie. 80 mins is timed either from alarm time, If untoucned, or 
80 mins from last button depression 
Select Wek® to Alarm Tone 

The alarm tone or buzzer is obtained by placing positive feed¬ 


back around the audio amplifier or radio in such a manner that 
the desired sound can be achieved and the feedback can be 
stopped by open circuit one point in the network 
At alarm time buzzer will sound- 

On 1st button depression Buzzer will cease and raoio will 
switch to low volume 

2nd button depression Radio and buzzer will be off 

If after first depression radio is left untouched, radio will return to 
buzzer atter 5 mins 

If after 2nd depression radio is left untouched, radio and ouzzer 
will be oft and at 5 mins BUZZER WILL AGAIN SOUND 
As for radio position - radio will reset after 80 mins for 24 hrs. At 
any time In buzzer sequencing, buzzer radio select cen be 
changed over to radio, then the radio will alternate high-low g 
volume with button. Cancelling in buzzer mode is identical to | 
radio mode £ 

Typical Application 

To combine the S.A ano S.T. functions to provide simple and 
rapid clocx setting, it is suggested that the following is incorpor¬ 
ated in the clock radio. 

Two toothed wheels are placed over two seperate sprung con¬ 
tacts and coupled to two concentric rotating knobs, (say 12 teeth 
each) along side is a three position switch labeled 'set time, run, 
set alarm' 

To set clock, select time or alarm and rotate Hrs Knob, or mins 
knob, each click will result in one unit change of time, rapid 
rotation will result in 12 increments per revolution of knob. 

The above procedure results in an easy to use system with the 
advantage over mechanical clocks of independent hrs and mins 
setting 
NOTE: 

No carries from mins to hrs can occur during setting of time or 
alarm 

Use at Auto Tape 

Fig.21 snows - the facility for automatically Switching on an 
appliance (e.g tape recorder) at a specific time and keeping 
appliance active for a period of time up to 120 mins. In this mode 
the wake output is made to start the sleep-timer at the wake time. 

Use of 5 Min Delayed Alarm with Appliance Switching 

In this mode of operation the wake 1 output is made to cancel the 

first alarm through the SC (inc hr) input such that radio or alarm 

time will only occur at the end of the first snooze period 

This result in appliance being activated at set alarm time and after 

5 mins the alarm or radio will sound 

Fig.6 — snows a typical clock-radio piocx diagram 

Fig.7 — shows the ch/p/disolay circuit 
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Interlace with a Radio 

There are many possible configurations of clock radios in use 
today and a wide range of different radio chassis are employed in 
these units. It is necassary therefore that the clock radio I.C. be 
sufficiently flexible to allow simple interfacing to be 
accomplished. 

The following section gives different options, features and inter¬ 
facing to demonstrate some of the approaches possible with the 
CK3300, 

Power Supply Interface 

To enableany existing line operated radio chassis to be used with 
the minimum of changes it is suggested that the following power 
supply Is used with the adoption of a 2nd line transformer. This 
will (a) reduce the need for a change at the existing transformer 
(It is unlikely that the existing transformer will be capable of 
providing the additional power required of the display). 

a. Allow the electronic clock movement to be self contained 
therefore, keeping the interface wiring to a minimum. 

b. Allow the same electronic movement to be used with several 
radio chassis. 

Options 

1. Without battery standby facility Flg.8 

2. With battery standby facility Flg.9 
Display Interface and Power Source 
Four options are shown 

1, No brightness control Fig.10 

2, Day/night brightness (two level) Fig.11 

3. Manual brightness control Fig.12 

4. Automatic brightness control Fig.13 



Flg.8 POWER SUPPLY INTERFACE WITHOUT STANDBY 






Flg.10 NO BRIGHTNESS CONTROL 



Flg.11 TWO LEVEL BRIGHTNESS CONTROL 



-1 

Fig.12 MANUAL BRIGHTNESS CONTROL 



Fig.13 AUTOMATIC BRIGHTNESS CONTROL 
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Radio Switching 

Option 1 Push button operation (Fig.14) 

Option 2 Rotary switch operation (Fig.15) 

Radio Powering 

Option 1(Fig,16A. 16B) Direcl audio amplilier control (no active 
components) _ 

Option 2 (Fig.17) Power supply switching using i ransistor 
Option 3 (Fig.18) Power supply switching using a relay 

Tone Generation 

Option 1 (Fig.19) Saw tooth generation independent of radio 
Option 2 (Fig.20) Sine wave generation independent of radio 
Option 3 (Flg,15,16B) Sine wave using the existing radio audio 
amplifier 



Fig.14 RADIO SWITCHING 



pig.15 RADIO SWITCHING 


MBtiiiiorifli Facilities 

1. Automatic tape recording (Fig.21) 

2. Appliance switching with delayed alarm (Fig.21) 

3. Wake to normal radio with 5 minute alarm over-nde (Fig.2l) 

4. Wake to quiet radio with 5 minute alarm over-ride (Figs. 21 
and/or 22) 

5. Ratio muting during normal radio listening (Fig3.21 and/or 22) 



I 



I 


Fig.16a RADIO SWITCHING BY BIAS CHANGE 



F1g.17 RADIO POWER Flg.18 RADIO POWER 
SWITCHED BY TRANSISTOR SWITCHED BY RELAY 



Fig.19 SAW TOOTH OSC Fig. 20 SINE-WAVE OSC 










































FJg.2?(a) TYPICAL ‘‘BASIC’' CLOCK RADIO CIRCUITRV 









































Digital Clock Radio Module 


module features 

* Pcn h°° r ?' t,ha " n >f clock radio circuit 

• N , 1 ZS MOi » B l ,lw ” 1 ™ 

■ Nn p*rprnaf^ Uency aterference problems 

■ No external M° n1act noise elimination circuits required 

■ 12 or ?4 ho' me * requency noise rejection circuits required 

K PM?nd?rnt' r ° sup P ressior i In 24 hour mode 
> PM indication in n2 hou , mode 

■ Alarm-snooye l„ai ca , or 

. n^° r60Ha °PO'alion 

llne C (ailura CillatQr for standb V operation with battery during 

■ Line power Interrupt mdicatlon 

■ Sleep operation |„ dicator 

■ Low power dissipation 

CLOCK RADIO FEATURES 

■ Simple support electronics 

se ltrng (use, controlled 5 to 120 mins with 1 
a T , |j . lobon). No necessity for daily adjustment 
. inrtnr!nriHonr an ^^ r '^ <"••>> and wake timing 
s Radid sound volume ol music during sleep and wake 

■ wst, n i m routing during normal radio listening 
; Wake to music or alarm tone 

■ 5 minniTrp^ 9 a,arm after 80 minutes of wake 

■ sipnn n p0a ^ n 9 snooze with radio and/or alarm 

■ Sleep override or S | e0 p repeat 

l ° ne witfl I 0 ’® 1 ra<lio override (ever/ 5 

■ l n 21 d “ r,ng *no<aeA W (,ep MU b/e) 

l 2Kr37 n9 of time - alarm ' and s,b «p 

E inrtonflnHBnt n ! hron ' a capability lor time setting 
suppressed) ° UrS ' ,T,inutes S0ltin 9 < carr V propagation 

“ AuTnm U ^ir P [ e ' al8rrn a PP lia "ce switching 

automaiiran recor der control (record programs 
exact secoid) ° m °‘ 12 ° minut0s ~ startin 9 from lhe 


DESCRIPTION 

CK33on^L^? Cont0ins a four digit LED display and 
tact nnko Aj m ' 0c ! rc, Jit featuring all the necessary logic, cor 
circuits tn imJ natl ° n circuits, control switching and timln 

digital dock radioTPoHdMnfoT 1 "«' l0W 'l 0St ' "'“ff ur8 
the nimnn mi . r „ or ,u ' 1 information on the many features ( 
m 'oroc,rc ult , refer , 0 the detailed descriptions a n 
opWicahons suggestion contained in El's CK3300 product dal 

boaot mni!e| ,T10dUle is f abricatedon asingle-sided printed drcu 
ooard measuring i.soq.. k 3 930 „ 






All dimensions in inches. 
All dimensions nominal. 
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CK3500 


4 Digit Automobile Clock Circuit 

FEATURES 

B Direct 20mA segment drive to 4 digits, two hours digits and two 
minutes digits. 

B Timing designed for 3.58MHz color TV crystal, 
n Two button setting of the time: 

1) Increment clock state 

2) Increment selected digit 
a Four clock states: 

t) Set hours 
2) Set tens of minutes 
3} Set units of minutes 
4) Run 

a Selected digit for setting flashes at 3.75Hz rate. 

■ Internal switch debounce, 
o Clock resettable to 1:00. 

■ May be operated trom a wide range of power 
supplies (Device is powered from a current source.) 

■ Can be driven from a 60Hz signal. 

■ Low power consumption (display off), 
a Variable display intensity. 

DESCRIPTION 

The CK3500 is a bipolar LSI circuit utilizing General Instruments 1 
l s L technology. The circuit contains an on-chip crystal oscillator 
end the logic to display hours and minutes in a 12-hour format. 
The time Is set with two internally debounced switches. Tho chip 
also has direct LED segment drive capability, thus requiring a 
minimum of external components. 


PIN FUNCTIONS 


Segment Outputs (23 pins) Tne segments of each digit are driven 
seperately. The outputs are open collector devices, and are "ON" 
when the segments to be displayed are selected. 

Vqd* Positive supply to the decoders and segment drivers only 
(to conserve battery drain with ignition off). 

Vdbi, Vd D j, V dd5 Positive supplies to the oscillator and count 
down circuits. 

V N Negative supply (normally ground). 

Crystal Inputs (2 pins) Connection of external crystal (frequency 
source). 

Increment Digit This input increments the selected digit by one 


PIN CONFIGURATION 



40 LEAD DUAL IN LINE 



Top Vie* 



V M ;GiMO) C *1 ^ 

40 

□ V 0;)5 

M.n 'G' C ? 

39 

bv DB , 

Mi” F' C 2 

38 

3 OSC Coll 

Min 'E' C 4 

37 

3 OSC Base 

Min A C 5 

36 

3 60HZ Out 

Mirt '8' C 6 

35 

3 60ht In 

Min 'C C 7 

34 

3 3.7SHI In 

Mm O' C * 

33 

b 3 75H2 Ou' 

10 Mm 'G' C 9 

32 

D i PPM Out 

10 Mir F qiO 

31 

2 '. PPM in 

10 Mm 'C C 'I 

30 

3 INC Digit 

10 Mir, 'At 1Z 

29 

j INC State 

10 Mm B' Z 13 

28 

3 V B 03 

10 Mm ‘C C n 

27 

] Reset 

10 Mm'O' C IS 

26 

D Hrs D 

NC C 16 

25 

D Hrs C 

10 Hrs B orC'L i" 

24 

3 Hrs B' 

Vdqs C is 

23 

b Hrs 'A' 

10 Hrs a or C C 19 

22 

b H-s 'E- 

Hrs Q- c 20 

21 

b Hrs F 


Two power connections are provided, one for tne LED display 
drivers and one forthe timekeeping function. With the display off, 
low power consumption is possible. 


foreach depression of the digit Increment push-butlon (i.e. each 
time inout is connected to Vdd)- 

Increment Clock State There are four clock states sequentially 
selectable for each consecutive depression of the increment 
state push-button (i.e. each time this input is connected to Voo). 
The four clock states in order of access are as follows: 

1. Set Hours 

2. Set Tens of Minutes 

3. Set Units of Minutes 

4. Run 

(NOTE: The sequence starts over with continued momentary 
connections of this input to Vqq). 

Selected digits will flash at a 3.75Hz rate to indicate the clock 
state. 
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T |ME SETTING OPERATION KKdf" 

Two switches are utlized for the time setting of the clock. They minutes digit 

each apply a positive voltage to the appropriate pm on the chip. giving an exai 

rn describe their operation, supposo the t the clock.is running f NC DiG1T sv 

T nrmallv (in the RUN state). Closing the INC STATE switch 
n ., ps the hours digit/dfgits to flash at a 3.75Hz rate. At this 
C ^nt the INC DIGIT switch may be closed, causing he hours DISPLAY IN 

g£ ™ ore™. When Ihe.E! 

SE 

S3S=s« 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings 0 55V tQ 09V 

Injector Voltage.’ . 1!..!.!!.25mA 

Injector Current.‘ ” . 10 mA 

Input Current .. 5 

Output Voltage.2 DtttA 

Output Current: Display Drivers. 

™ po,nts .:;-: 5 5 .-c'.om5o"c 

Storage Temperature. _, n . c to , 70 - c 

Operating Temperature. " ‘' _ 

-characteristics I ™n I Typ | Mas [ 


INC STATE switch Is again dosed, plBClng the dock Jsck in the 
RUN mode. When the RUN mode Is entered and the units ol 
minutes digit has been changed, the seconds are reset to zero 
giving an exact minute count. In the RUN mode, closure of the 
INC DIGIT switch hRs no effect. 

DISPLAY INTENSITY 

When the LED Is supplied from a voltage in the range of 2.5 to 5 
Volts the current into Injector 4 serves as an intensity control, For 
voltage over about 3.5 Volts, a resistor should be included In 
series with the display anode. The value shouldI be 2.5 (V-2.5) 
ohma and will dissipate a maximum of 0.4 (V-2.5) watts. This 
resistor serves to limit the chip dissipation to acceptable values. 


’Exceeding these ratings could cause 
permanent damage, Functional operation of 
these devices at these conditions is not 
implied — operating ranges are specified 
below, 


Injector Current: 

Ipoi 

Idoz 

Jooa 

Ipp4 

Oscillator Supply 
Output Sink Current 
Switch debounce 
Osci/letor Frequency 
Oscillator Beta 
Logic ‘‘1’’: 

Frequency Inputs 
Increment Digits/State 2 
Logic “0": 

Frequency I nuts 
Increment Digits/State 


derived from crystal 


















MODULE FEATURES 

h CK3500 l s L cIock circuit 
a LED display 4 Digits 

b No external contact noise elimination circuits requires 
■ All external components are contained or board 
a Low power dissipation with LED's off 
o Separate display supply line fo' dimmer control 
* Two switches are only off board components 
> Clock time source is e standard T.V. chroma curst crystal 
(on board) 1 


DESCRIPTION 

1 he M-3500 is a module which consists of tho CK3500 | 8 L circuit 
with a four digit fed display plus all othercomponents on the P C 
board. The M-3500 is a self contained clock particularly useful in 
the auto clock market The only external components necessary 
are the switches * 0 r setting time, n also has a separate display 
power line for dimmer control and saving power when display is 
not enermreri r ' 


OPERATION 

The M-5500 module is designee to operate at minimum battery 
cu.rent orain at all times in an automobile. Maximum curron 
consumption is used whan the display is on and this requires tht 
ignition to be turned on The following is a list of modes lei 
normal operation; 

1. Ignition oft. iignts on or off - module keeps time withoul 
display and time can't be altered. 

2 . tgnition on, iignts off — module keeps time, display is at fuff 
brightness, time can be r eset 

3 Ignition on, lights oh-module keeps time, display brightness 
is dimmer controlled and time can be reset. 
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AUTOMOBILE CLOCK SYSTEM DIAGRAM 
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RAPIQ/TgLEVIStONmEMOTe CONTROL 




DESCRIPTION 


FREQUENCY 

COUNTER/OISPLAY 


•reouanc. 


fflfeOUENCV 


Count! & displays AM/FM trcauemcos wild 


COUNTER'D ISPLAV 
WITH A DIGI' r 
CLOCK 


AY-3-91 12 «A-S 


Control circuit accepts keyooar 
control and program system 




selected cuannol 


OMEGA* 

82 CHANNEL 
DIGITAL TUNING 
SYSTEM 


0/A convener circuit. convent output to coarse and 


EAROM 


Memory 


Optional channel selector interfac 


preset favorite channel selection 

Control circuit aeeepis dired/remote inputs to contro 

program system ___ 

D/A converter circuit, converts output to coarse and 


ECONOMEGA *1 
'6 CHANNEL 
DIGITAL 

TUNING SYSTEM 


EAROM 


Contrcl/memory circuit 


'eeirrcmoie inputs to 


ECONOMEGa»I 
20 CHANNEL 
DIGITAL 

tuning system 


control/ program system 


Various circuits in series to display cnannal nur 
Tv jcrcen wild some additionally r catering eu 
separate or Simultaneous lime display. Selacli 
display position on screen, automatic display 
BCD time Inpuls isec AY.5-1203A clock circui 





















PIN FUNCTIONS 


9 El 1 AY-5-8100 AY-5-8102 

. .riii"_ 


Radio Receiver Frequency Counter/Display Drivers 

FEATURES 

a Three frequency ranges: 'MW 2999KHZ, SW 29.995MHz, VHF 
299.95MHz. 

■ IF offset: 460KHz (AY-5-8100) or 455KHz (AY-5-8102) on 
MW and SW. 10.7MHz on VHF. 

■ Channel mode 0-99 channel spacing 300KHz, Standard part 
channel 0 is 87MHz. 

s High voltage segment and digit outputs give direct drive 
of fluorescent displays. 

■ Inversion control forlsegmont outputs. 
b Direct drive of liquid crystal displays. 
b 1.28MHz master clock input frequency. 
b 300KHz input with Sms sample time. 
b TTL compatible inputs and outputs. 
e 50Hz output to drive the AY-5-f2Q0A digital clock. 

DESCRIPTION 

The AY-5-8100 is a four and a half dig it frequency counter for use 
in Radio Receivers. Three main frequency ranges are provided: 

2999KHZ and 29.995MHz (with a 460KHz IF offset on the AY-5- 
8100 and a 455KHz IF offset on the AY-5-8102) and 299.95MHz 
with a 10,7MHz IF offset. For use in VHF FM receivers a channel 
mode is available. In this mode a channel number from 0 to 99 is 
displayed together with a or "-"sign fortuning Indication. In 
this mode the IF is 10.7MHz and channel 0 is 67MHz. 

The outputs are multiplexed l’n five time slots onto a seven 
segment bus. Digit and segment outputs have high voltage 
capability and will drive fluorescent displays directly. A pin 
option allows the driving of liquid crystal displays using the two- 
frequency multiplexing system. 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 


Top View 



> D,git Select Outputs 


P DS > MSD 



CIRCUIT 

Flg.f FREQUENCY COUNTER CLOCK CONNECTION DIAGRAM-DIRECT FLUORESCENT DISPLAY DRIVE 
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Pin NO. j 

Name 

Function 

1 

SW Select 

Selects 29.995MHz counter range when at logic ‘O’. See Moae 
Select truth table. 


1.28MHz Clock 

Master clock input controls timing of whole system. 

3 

Output Enable 

Disables the outputs when taken to logic 'O’. 

4 

N.C. 


5 

N.C. 


6-13 

Segment Outputs 

The digits 10 be displayed are output on these pins in 7 segment 
code. They areat logic‘1' to display. These outputs will also drive 
fluorescent, liquid crystal and low current LED displays. 

14 

Vss 

Positive supply. 

15 

±Dlsplay Mode Input 

Selects either combined or separate -f or - display when in 
channel mode. Logic 'O' selects combined mode. In the combined 
mode the horizontal bar is output on segment "g" and the vertical 
bar on segment "f". In the separate mode the-sign is output on 
segment "g" and the + sign on segment T\ 

16 

Segment Select Invert 

When taken to logic ‘1' inverts the Segment Select outputs (Note 
1). ! 

When taken to logic T the output timing is arranged to drive 
liquid crystal displays using two frequency multiplexing. 

17 

Liquid Crystal Select 

18 

Reset 

Master reset to all counters and registers. Resets when ot logic T. 

19-23 | 

Digit Select Outputs D1-D5 

These outputs sequentially select the digit to be displayed. They 
are normally at logic ‘1* to display. The outputs are high voltage 
and are capable of driving fluorescent and liquid crystal displays 
directly. Each digit Is on for 4ms. A bonding option gives Inverted 
outputs. 

24 

Channel Select 

Selects channel mode when at logic ‘O' and SW and MW are at 
logic 'V. See Mode Select truth table. 

25 

MW Select 

Selects 2999KHZ counter range when at logic ‘O’. See Mode 
Select truth table. 

26 

Prescaler Raset 

This output resets the external prescaler divider, at logic 'O' 
during count interval. 

27 

Counter Input 

Frequency measuring Input, Frequency range lOKHz to 60OKHz. 

28 

Voo 

Negative supply. 


NOTE: 

1. If the digit invert bonding option is used (bonding to logic *V) tne SSI input logic sense will be inverted. 


FREQUENCY COUNTER OPERATION 

The frequency counter section is intended to work with an 
l external prescaler. The three frequency ranges require division 

ratios of B, 80 and 800. Thaappropriate IF offset is loaded into the 
i counter before measuring. The local oscillator must always be at 

j ; a higher frequency than the receiver frequency. 


Measurement period 
Reading rate 
Master clock frequency 


8msec 

50 per second 
1.28MHz 


Mode 

D5 

D4 

Display Range 

D3 D2 

D1 


Discrimination 

Prescaler 

IF 

f MW 

2 

9 

9 

9 


KHz 

IKHz 

* 8 

460 

SW 

2 

9 

• 9 

9 

5 

MHz 

5KHz 

* 80 

460 

FM 

2 

9 

9 

• 9 

5 

MHz 

50KHz 

*600 

10.7 

CH 

+ 

9 

9 




300KHZ 

*800 

10.7 

COUNT 

2 

9 

8 

g 

5 


0.5 KHz 

* 8 

10 


NOTES: 


1. Leading zeros are blanked. 3. The IF offset Is mask programmed and can in 

2. In Channel Mode the + or - signs are lit if the principle be made to any value, 

receiver is more than 50 KHz off tune. 4. in Channel Mode, Channel 0 = 87 MHz. 


k 
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MODE SELECTION 


MW 

SW 

CH 

OE 

Mode 

0 

1 

X 

1 

MW 

1 

0 

X 

1 

SW 

1 

1 

1 

1 

VHF 

1 

1 

0 

1 

VHF/Channel 

O 

0 

0 

1 

Counter mode 

X 

X 

X 

0 

Clock 


DISPLAY OUTPUT 

The output is in 7 segment form multiplexed into five time slots at 
a rate of 50Hz. All the display outputs have high voltage capability 
and will drive fluorescent displays directly. LED displays can 
either be driven directiy or with simple interfacing depending on 
the digit size. 

A pin selected option allows the direct driving of liquid crystal 
displays using two frequency multiplexing (125Hz and 8000Hz). 







ELECTRICAL CHARACTERISTICS 


Maximum Ratings' 

Voltage on any pin with respect to V*s pin 

(except Segment and Digit Outputs). . +0.3Vto-20V "Exceeding these ratings could cause perma- 

Voltage on Segment end Digit Outputs with respect to V*s pin . +0.3V to -35V ne ht damage. Functional operation of these 
Ambient operating temperature range 0*Cto+70*C devices at these conditions is not Implies 

Storage temperature range. -65*C to+150‘C -operating ranges are apecilied below. 

Power dissipation. . . ... 600mW 


Standard Conditions (unless otherwise noted) 


Vss = +5V ±0.5V\ 
Vod ~ —12V ±1V f 


15.5V to 18.5V 


V„ « -28V ±2V 

Operating Temperature (T A ) = 0°C to +70° C 
Fc = 1.28MHz ±0.01% 


Characteristic 

Sym 

Min 

Typ*’ 

Max 

Unit# 

Conditions 

Input logic ‘O’ level 

VlL 

- 

- 

+0.8 

Volts 


Input logic‘1’ level 

VlH 

Vss -1 

— 


Volts 


Input load current 

llL 

— 

— 

0.2 • 

mA 

Vin = -Vod Note 1 

(SW, 1,2BMHz, OE, MW. Cl, CH) 







Input sink current 

IlH 



0.2 

mA 

Vi* = +V S Note 2 

(DM1, SSI. LQ,R) 







Input capacitance 

Cin 

— 

— 

10 

pF 

Vrs >= OV f = 1MHz 

Digit Select Outputs 







Logic T On Current 


5 

— 


mA 

Vout = (Vis —2)V Fig. 2 

Logic 'O’ Off Current 


— 

— 

10 

mA 

Vout = (Vm+ 1)V Fig. 2 

Segment Outputs 







Logic 'V On Current 


2 

— 


mA 

Vout = (Vss-2)V Fig,2 

Logic ‘0* Off Current 


— 

— 

10 


Volt - (V-t +1)V Flg.2 

PR Output 







Logic ’O' 

Vou 

— 

— 

0.5 

Volts 

| Load = 2TTL gales (3.2mA), 3.3K 

Logic '1 ’ 

VoH ‘ 

Vss -2.2 


— 

Volts 

) resistor to Vi> D ,+20pF 

Clock input frequency 

fc 

— 

1.28 

1.4 

MHz 

Note 3 

Clock pulse width 


350 

— 

— 

ns 

logic'0'or'1' 

Count input frequency 


10 

— 

600 

kHz 


Count input pulse width 


600 

— 

— 

ns 

logic‘O’or T 

Multiplex rate 


— 

50 

— 

kHz 


Power consumption 


— 

450 

- 

mW 



“Typical values are at +25°C and nominal voltages, 

NOTES: 

1. These inputs have resistors of nominally 17QKohm connected to Vss. 

2. These inputs have resistors of nominally 17QKohm connected to V D d. 

3. For correct frequency readings the clock input frequency must be 1.28 MHz± 1 In 10 s . 












OPERATION (Continued) 


i m AY-3-8110 AY-3-8112 


Radio Receiver Frequency Counter/Display Drivers with 4 Digit Clock 


FEATURES 

is Low current drain (10 mA) 

8i Wide supply voltage range (5V to 16V) 
o intensity control on-chip with external RC 
f> Display disable 

m Mask programmable display frequency 
100, 200, 400. 600 or 2 KHz 
b Inter digit blanking — 10;us 
a Latched outputs to avoid blanking or flashing 
during counting. 

RADIO FEATURES 

■ Measures standard AM and FM frequencies 
a Displays frequencies on 3V4 digit display 

■ Externally programmable FM IF offset 

■ 262.5 KHz AM IF offset (AY-3-B110) 
o 455 KHz AM IF offset (AY-3-8112) 

0 lOKHz steps on AM, 200KHZ steps on FM. 

CLOCK FEATURES 
a 12 hour clock 

■ Hour and minute display 

■ Seconds reset control 
a Easy time set controls 

DESCRIPTION 

The'Clock and Radio Readout chip is an LSI system that contains 
all the necessary circuitry for displaying time of day or radio 
tuning frequency on a common 3!/i digit display. 

The time is derived from anon-chipcrystaloscillatorand internal 
countdown circuitry. An internal digit counter and seven 
segment decoder provides the signals to drive the display. The 
radio station frequency is determined by measuring the local 
oscillator of the radio and subtracting the IF frequency. 

The chip is a monolithic N-channel metal gate MOS device using 
Ion Implant to achieve both enhancement and depletion devices. 


BLOCK DIAGRAM 



PIN CONFIGURATION 

28 LEAD DUAL IN LINE 


AM Freq, 
FM FraQ. 
AM/FM 
Indibil Timo Set 
tmi 

P.Si“l 
Oscillator ) 
Oscillator 2 
FM'IF Adjust 
Digit 2 
Digit 3 
Digit <1 
Digit 1 
GND 


Top View 

d®i ^ iTb 

C 2 27 b 

C i 26 p 

C 4 25 3 

C s 24 3 

L« 23 3 

H 22 3 

C a 21 3 

C 9 20 3 

C to T9 3 

C '1 18 3 

C 12 17 J 

C 13 16 3 

C 14 15 3 


Vcc 

Set T.mc 
Set Frea 
Intensity 
Segment e 
Segmem « 
Segment b 
Segmenl I 
Segment DP 
Segmont c 
Segment g 
Segmom d 
Set Minutes 
Set Hours 


OPERATION 

The keyboard consists of two momentary 2-pole switches; 
Time/Frequency and Set Hours/Set Minutes. The hours or 
minutes are advanced at 2 persecondafteraonesecond delay. A 
momentary depression of the set minutes resets the seconds 
without altering the minutes. The display switches from time to 
frequency and remains there on the momentary depression of 
the Time/Frequency switch to frequency. The display 
automatically switches to time when the radio is turned off. 
Four external diodes program the chip to accept t6 different FM 
IF offset frequencies from .1046 MHz to .1076 MHz in 200 Hz 
steps. 

The clock colon is automatically displayed using the decimal 
points as shown. The clock is 12 hours. 
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When displaying frequency the decimal points are also used to 
indicate stereo and the radio station. There are no decimal points 
in the AM mode, Below is the FM display. (The least significant 
digit is a LH DP. All others are RH DP.) 


STF.REO 

LIGHT 



The FM local oscillator output of the radio must be divided by a 
factor of 100 The AM display is as follows: 


BSD 



The FM frequency display always shows odd tenths. The display 
reads the center of the frequency band even If the radio is tuned 
upto slOOKHz off center. The FM IF offset Is determined by the 
use of diodes. The program code is as follows: (A '1'represents a 
diode from the digit line to the IF Input pin, pin 9.] 

The code is shown below: 


Digit Lines 


Frequency 

10 Hour 

Hour 

10 Min. 

Mlil. 

.1076 

1 

1 

1 

1 

.1074 

1 

1 

1 

0 

.1072 

1 

1 

0 

1 

.1070 

0 

1 

1 

0 

.1063 

0 

1 

0 

0 

.1066 

0 

0 

1 

1 

.1064 

0 

0 

1 

0 

.1062 

1 

0 

1 

0 

.1060 

0 

0 

0 

0 

.105B 

1 

0 

0 

1 

.1056 

1 

0 

0 

0 

.1054 

1 

1 

0 

0 

.1052 

0 

0 

0 

1 

.1050 

0 

1 

0 

1 

.1048 

0 

1 

1 

1 

.1046 

1 

0 

1 

1 


The AM display always ends in zero. 

The AM IF offset is 262.5 KHz on the AY-3-8110 and 455 KHz on 
the AY-3-8112. 

The display reads the center of the band even if the radio is tuned 
up to 5 KHz off center. 


DISPLAY OUTPUT INTERFACE 

There are twelve output lines to drive the digital display: seven to 
drive the segments of the display, four for the dlgltdrive, and one 
for the colon, decimal point and stereo light, Tha decimal point, 
colon and stereo light follow the truth table below: 



AM 

| FM 

Time 

Digit Time 

Colon 

OFF 

OFF 

ON 

10 min., hrs. 

Decimal Point 1 

OFF 

ON 

OFF 

min. 

Stereo Light 

OFF 

ON 

OFF 

10 hrs. 


PIN FUNCTIONS 


Pin No. 

Name 

Function 

1,2 

AM Freq.. FM Freq. 

The local oscillator output frequencies from the radio are 
connected hare. 

3 

AM/FM 

A high on this pin sets the logic to expect a FM frequency in. A low 
sets the internal logic to AM. 

4 

Inhibit Time Set 

A high level enables the set hours or set minutes switches. Open 
circuit disables these switches, 

5 

Tast 

An 8 Hz signal can be observed here. 

e 

Reset 

A low level resets the chip. 

7.8 

Oscillator 1, 

Oscillator 2 

The crystal and associated trimmer capacitors are connected 
here. 

9 

FM /IF Adjust 

The diode programming Is input here. 

10-13 

Digit 2,3.4.1 

These pins go to ground to select the appropriate digit. 

14 

GND 

0.0V 

15,16 

Set Hours, 

Set Min. 

A ground on these pins causes the hours or minutes to update at 
a 2 per second rate. There is a one second delay before updating 
starts. If set min, is grounded for more than 0.02seconds but less 
than 1 second, the seconds counter is reset, (See Note 1 below). 

17-24 i 

Segments a-g & Dp 

These pins go positive to indicate the desired segment and 
decimal point, 

25 

Intensity 

An external RC network of 1M£i and 300pF controls the display 
intensity. 

26,27 

Select Freq., 

Select Time 

A momentary ground on one ol these pins selects frequency or 
time to be displayed. 

28 

Vcc 

Time B+ supply, -MOV to -•16V (clock functions down to +5V). 


NOTE 1: There is a '‘disab|e‘’ feature — grounding pins 15 and 16 simultaneously disables the display (pins 10-13 and 17-24 
become three-state). 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Voltageonany pin with respect to Vss pm . -0.3to+18V 

Storage temperature range. -55 e CtoM25°C 

AmbientooeratingtemDeraturerange.0° »o-60°C 

Standard Conditions (unless otherwise noted) 

Vsg =0V 

v cc = +10V t0 * 16v (c |ock functions down to V cc = - L 5V) 
Operating TemDeraturfi (T A ) = O^C to -60° C 


■Exceeding these ratingscouid cause perma¬ 
nent damage functional operation of these 
devices at these conditions is not implied — 
operating ranges are specified below 

NOTE 2 Pins 3,9,15,16 and 26 have on-chtppul'-up resistors to 
v cc 

NOTE 3: Pins 4 and 27 have on-cmp pull-down resistors to V S5 . 

"Typical values are at *25°C and nominal voltages 


Characteristic 


Clock 
Input Frea 
Logic 'O' 

Logic *1* 

Capacitance 

Leakage 

Control inputs 

Logic 'O' 

Logic -1' 

Input Current (Note ? - abDvej 
Input Current (Note 3 - above) 

AM Freq., FM Frecj., Intensity Inputs 

Logic '0' 

Logic T 
Leakage 

Pulse Width - Pm 1 (AMj 
- Pin 2 (FM) 

Outputs 
Digit 
Logic 'O' 

Logic T 

Logic *0' Current (calculated) 

Output Current 
with outputs disabled 
Segment 
Logic ‘O' 

Logic' 1' 

Logic‘T Current 

Output Leakage 
with outputs disaDieo 

Supply Current 


Min 

T yp" 1 

Mex 

Units 


2.304000 


MHz 

_ 

— 

0.5 

Volts 

3.5 


— 

Volts 


— 

10 | 

P e 

- 

- 

10 

uA 



0.5 

Volts 

3.5 

_ 

— 

Volts 

-3 


-40 

pA 

3 


40 

uA 



0.5 

Volts 

3.6 

_ 

— 

Volfs 

— 

- 

10 

pA 

180 

— 

- 

ns 

360 

- 

— 

ns 



1.6 

Volts 

_ 


1.2 

Volts 

15 


- 

Volts 

9 


— 

Volts 

_ 

-3.3 

— 

| mA 

- 

-1.95 

- 

mA 

- 

- 

0.4 

i mA 



0.5 

1 Volts 


_ 

0.5 

Volts 


. 

— 

Volts 

3.5 

_ 

— 

Volts 


2.65 

— 

mA 

~ 

1.4 

~ 

mA 

- 

- 

20 

PA 

- 

5 

10 

mA 


Conditions 


Input connected to V S s 
Inout connected to Vcc 


Positive o'’ negative 
Positive or negative 


V CC = 16V \ 
V CC 8 10V / 
V CC « 16V ( 
V cC = 10V 
V CC = 16V l 

V cc 3 iov j 




Display outputs disabled 




J 


{ 


j 

\ 


\ 





typical characteristic curves 






















T-1001 MEM4956 T-1201 

T-1101 ER1400 


OMEGA/82 Channel Digital Tuning System 


SYSTEM DESCRIPTION 

The Omega System combines an electronic solid state channel 
selector with a VHF/UHF varactor tunerpalr. The syatemaccepts 
a calculator-like 2 digit keyboard entry and provides theselected 
channel number on a two digit seven element display, Controls 
are also provided for fine-tune, coarse-tune, search, digital step 
tuning up and down, Single digit entry for favorite television 
channels i9 available as a design option. 

The digital counterparts of the analog channel voltages cor-r 
responding to the frequencies tuned are stored in a non-volatile 
Electronically Alterable Read Only Memory (EAROM) which 
retains, without standby power, the desired coarse-and fine-tune 
data for ell channels. The system has been designed to be 
extremely insensitive to supply voltage variations, component 
aging and environmental changes. The tuning accuracy depends 
only on a single well regulated reference voltage for >t$ stability. 
The method of D/A conversion used is a pulse width modulator 
driving a low-pass filter. The DC component out of the filter is 
applied to the varactor tuner. A complementary MOS device Is 
used between the control chip and the low-pass filter to achieve 
the precise and stable amplitudes required at the input to the 
filter. 

The EAROM is a 1400 bit solid state memory organized into one 
hundred words of 14-blls each. This technology provides a non-v 
volatile memory fo r 98 channels of tuning information, Two 
words or lines in the EAROM are reserved to remember the two 
digit channel number for the last program selected by the viower. 
When the set is turned on again after being off Indefinitely, it 
automatically selects the last channel selected before shut down. 
Each word can be erased and rewritten without affecting the 99 
other words and isupdaled any time the vieweradjusts the tuning 
of his sot. Adequate space in the memory is provided for the 12 
VHF and 70 UHF channels, plus 16 locations reserved for other 
services. 


BLOCK DIAGRAM 



PIN CONFIGURATIONS 

40 LEAD DUAL IN LINE 

T-1001 


XB2 c 


3*0' 

(03 C 

7 35 

KB 7 

KB a C 

3 30 

KB 8 

KB 5 C 

a 37 

High Speed (me Tune Ose 

Display cliocti 07 C 

S 36 

No Store Fme Tune 

c ma tune Down £ 

6 36 

K8 8 

Ififl KWj C 

7 34 

3 KB 9 

Coaria Tuna i- C 

6 33 

□ Vpt, 

fine Timo Slot £ 

9 37 

3 AGC Delay 

CoaneQalaOui C 

'0 It 

3 AGC 

Cion. 10 Memory C 

m 30 

3 '■st 

Clock Froo Control C 

<7 23 

3 Last DhBnnnl viewed 

Fine Oilla Out n 

13 78 

3 Master Reset 

Fine Tune Up (3 

14 27 

3 Units BlanKmg 

Units Dais Bon! Q up lay cj 

13 26 

] Tuner Blank 

Ttnso* C 

16 25 

3 Ci 

tens Dala to Display £ 

17 2« 

3 d 

UmlsC cj 

1“ 73 

3 CJ 

Units Oata la Display t 

19 71 

3 Tens Data ttom O'sptjv 

Data TorFrom Memory £ 

T-1101 

20 71 

Too ve>* 

P El = Mp 

Units 5T C 


3 units Data to Oupiev 

V, s = GND C 

2 39 

3 Bang tit ■ 63 

UHF C 

3 30 

3 Ber.d IV - Br 

14 KHiO! C 

4 37 

3 Tuner 8fartk.ng 

TersO* □ 

5 3$ 

3 Osc Timing B 

Tens Oati to Display C 

6 35 

3 Osc Timing A 

VHF C 

7 3a 

3 S'iSlitness Control 

MXI Out r 

6 33 

3 Tens Zero Display 

Strobe C 

9 32 

3 Duplay Ch 

MX2 Out C 

10 3t 

3 Units Blanking 

Tens One from Oisplay C 

tt 30 

3 MX2 in 

V a „ ; -'2 C 

12 29 

3 MXI in 

Sag A(Tans] C 

1} 28 

3 Units Data from Duplay 

Seg B (Tans] C 

14 27 

3 Seg A lUmlst 

3eg. C (Tens] C 

IS 26 

3 Seg B (Unilsl 

Seg D (Tens) C 

IS 2S 

3 Seg C (Umtsl 

Beg E, (Tens) C 

17 24 

3 Seg O (Untie) 

Sep F (Tens) C 

10 23 

3 Seg E [Units] 

Sng (3 (Tensl C 

10 22 

3 Soa F (UAilal 

V s , Display - QND C 

T-1201 

Top View 

3 Seg G [Units) 

KBJ c 

•i <0 

3 KB2 

KBS C 

2 39 

3 KB1 

KBS c 

3 38 

3 KB6 

GUO C 

* 37 

3 KB7 

NO SKIP C 

3 38 

3 KBs 

CH 00 C 

6 35 

3 id's Data to oisplav 

V„ C 

7 34 

3 BIN 16 

2* E. 

8 J3 

u bins 

2' C 

9 32 

3 BIN 4 

2’ C 

10 31 

3 BIN 2 

2‘ C 

It 30 

3 BIN t 

lUikHi C 

12 29 

3 Etc MR 

DISPLAY PROG C 

13 28 

3 restore 

MX) In C 

14 27 

3 v« 

MX? IN 

15 28 

3 STORE 

RK 16 

16 25 

3 i s up 

RKB 

17 24 

3 10's UP 

RK4 C 

IS 23 

3 PPOG UP 

RK J C 

19 22 

3 SUBSTRATE 

RK ’ 

20 21 

3 BMT (REMOTE ENABLE) 



Control Chip (T-1001) 

jpe control cnip scans the keyboard at a 14 KHz rate on constant 
alert for a switch closure. A closure may command one of the 
tallowing functions: 

(a) Two digit random channel selection 

(b) Channel stepping (units or tens digits; 

(e) Coarse-tune 

(d) Fine-tune 

(e) Search 

The control chip also is designed to accommodate a signal input 
from a remote control receiver and a "power-up” signal from a 
power supply to trigger the last-channel-viewed function 

-Display Chip (T-1101) 

Each digit of the channel number entry Is converted inio a one- 
out-of-ten code and serially sent to the display chip where His 
stored and decoded both for a seven segment or character 
generator display ano for band switching. 


| EAROM Chip (ER140D) 

j This channel number is also used as a two digit aadress (00 thru 

1 97 ) for the EAROM memory to locate the corresponding memory 

line This twenty bit address is sent serially to the EAROM on a 
t single wire bi-directional data bus 

| The EAROM memory is designed to accept a two digit 20-bit 

I address This format was selected to provide ease of keyboard 

encoding, ease of display encoding. EAROM address decoding. 
| and ease of address incrementation (one bit shift), 

f The slow spaeo ana simple timing requirements of the memory 

| permit address and data to flow both to and from memory on a 

| single wire. A further economy of interconnects is achieved by 

I using a three bit parallel code to command the memory into one 

| of its seven modes o f operation Including: input Address, Input 

jf Data. Erase, Write Read. Data Out and Stand By 

| For a comp/ete description of the operation and SDecificationsof 

the ER1400, refer to the data sheet beginning on page 4A-17 

I D/A Converter Chip (MEM4956) 

The CMOS D-to-A convertercmp provides interface between the 
control chip outputs and the filter In order to achieve optimum 
trade-off >n the D/A system between clock frequency, ripple 
i content of the filter output, and filte r settling time, the 14-brt 


j 

I 


conversion is done in two parts Tne 10 most significant bits 
generate e variable duty factor waveform with 1 QQ 0 resolution 
elements of fixed amplitude. 

The four least signiftcan t oits are used to generate a narrow pulse 
(equal in width to one coarse resolution element) but variable in 
amplitude to 15 discrete levels, The variable width and variable 
amplitude components are multiplexed together in the CMOS 
chip and drive the input to the low-pass filter. The filter integrates 
the area under both component waveforms and delivers a dc 
voltage to the varactor tuner. The ripple is kept below lOOpV and 
the settling time is about 5D ms This Is accomplished with a 
maximum clock rate of 1 MHz and with a resolution of 1 part in 
15,000 o* the reference supply voltage. 

For a compleie description of the operation ano specifications of 
the MEM4956, refer to the data sheet beginning on page 4A-14. 

Interface Chip (T-1201) 

Where single digit entry is required for up to 20favontecnannels 
a fifth Chip (Interface Chip) is added to the system This interface 
Chip is a PMNOS device incorporating a 20 line non-volatile 
memory (EAROM) of '2 oits per line together with all logic 
functions to address the 20 line memory as well as to interface 
directly with the rest of the Omega system via the control chip 
keyboard input lines. 

Each memory line in this cnip is capaoie of storing a two digit 
channel number (“zero" before a single digit channel number) 
which is entered via a tens and ones input that canbesequenced 
through 0to9with wrap around, but without carry over ana can 
oe stored by pressing a store button. 

The cnannel number output from the display cnip always snows 
the correct channel number that is stored in the data registers of 
the interface chip wnenever any function on h is selected 
The tuning voltage output from tne DAC also corresponos to the 
data stored in the main 100 line memory for that channel number 
The interface Chip usesa binary in put keyboard to provide single 
digit access to eachof up to twenty memory lines via a diode 
matrix or to directly interface with binary coded, remote systems 
for a smgie digit address 

Provision has been maae fo r sequencing inrough all 20 memory 
fines for simplified remote control, with the capability ol 
introducing a skip code (0,0) to bypass any memory fine. Memory 
line or single digit button number outouts are also available in 
botn binary and BCD format 
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SYSTEM OPERATION 


A. Two digit entry (4 chip OMEGA Bystem} 

To select a channel the viewer depresses two digits (’'zero" 
before a single digit channel number) on a Keyboard connected 
to the keyboard entry pins on the control chip. A one of six 
subroutine counter in the control chip is used to continuously 
scan the keyboard for a closure which then stops the scanner. A 
debounce device Is used to confirm the closure after a debounce 
period of approximately 15 msecs Confirmation ol key closure 
converts the subroutine counter into a shift register which passes 
the data contained in it to a register in the display chip The 
process Is repeated when the second digit is entered When 
both digits of a valid entry aro received by the data registers in the 
display chip the following sequence occurs 

a) The control chip addresses word/line 99 m the 100 line 
main memory (EAROM) via the EAROM address register 

D) One digit of the channel number stored in the display chip 
registers is shifted via theeontroi chip to the data register of 
the EAROM and upon receiving a "write'’ signal from the 
control chip the data is shitted into the EAROM memory 
line accessed by the address register (in this case line 99). 
This is repeated for writing the second channel number 
digit into line 98 and the combination represents thestoring 
of the last channel viewed Information used during power 
up of the system, 

C) After storing the last channel viewed information the 
channel number stored in the display chip register is sent 
via theeontroi chiptotheaddress register of the EAROM so 
that the memory line corresponding to this channel number 
can be read on command from the control chip 

d) The read-from-memory command causes the data in tne 1 4 
bit memory line accessed to be read Into the Data registerof 
the EAROM and from there out to a 14 bit register In the 
control chip which also doubles as two polynomial 
counters of 10 and 4 bits. 

e) After receiving the information from the data registerofthe 
EAROM. the 14 bit register in the control chip becomes a 
ten bit and a four bit polynomial counter. The i0 bit 
polynomial counter is used to produce, via a set/reset flip 
flop, a variable duty cycle square wave (amplitude is Voo to 
V ss } which is used to generate, via the CMOS DAC, the 
coarse tuning voltage corresponding to the code in the line 
of the EAROM that was accessed. 

f) The four bit polynomial counter acts similarly to the 10 bit 
counter, but in a different time frame. It gives a variable duty 
cycle square wave at a frequency of approximately 67 KHz' 

g) The coarse and fine tune data is fed from tne control chip to 
the DAC where it Is amplified to the level of V HEF (tuning 
voltage reference). The fine tune information ib also filtered 
to a DC level and then Inserted at the end of each coarse 
tune pulse. II Is this combined output of the DAC that is 
filtered by a 5 pole filter network to produce the tuning 
voltage V T for the varactor tuners. Theoutput impedance of 
the filter is approximately 47 K ohm ano its rise time is about 
50 msecs. 


Operation of the fine tuning controls (UP o' DOWN) on the 
control chip alters the 4 bit polynomial counter which has carry 
over to the 10 bit polynomial counter Therefore use of these 
controls allows the user to scan through the total tuning voltage 
range at a speed that is determined by the time constant of the 
network connected to pin 37 of the control chip. Alteration of the 
time constant is used to provide coarse tune speed for set up, as 
well as equalization of the tuning rate (MHz/sec) between VHF 
end UHF 

The action of the store-fine-tuning command, which may be 
made manually, or automatically Dn release of the fine tune 
button, cause the two polynomial counterstochaintogetherinto 
a 14 bit shift register which then shifts its contents into the data 
register of the EAROM which is then written into the memory line 
of the EAROM corresponding to the channel number that is in its 
address register. 

The new tuning data is still retained in the control chip register 
which returns to its polynomial counter mode and continues 
operating as previously described 

On power-up. a master reset pulse is generated in the control 
chia to reset all clocks The control chip then alsc addresses lines 
99 and then line 98 of the EAROM in sequence causing the 
information stored in those lines (last channel number viewed) to 
be out into the display chip register (if last channel viewed option 
is used) which then starts up the sequence described previously 
just as if this data came from theeontroi chip keyboard. Read and 
write times of the EAROM lines are approximately 20 msecs. AH 
times are referenced to the internally generated 1 MHr clock In 
the control chip 

Channel number information in the display chip register is used 
to automatically decode the band information which is fed out as 
logic signals by the 4 band outputs of the display chip The 
channel number information 's also available (depending on 
display chip used) in a form suitable tor common anode type 
seven segment displays (units and tens digit Information are 
separate) or fo r character generator type display in BCD format. 
Timing waveform outputs and inputs are provided on the display 
chip for decoding channel number information where 
appropriate 

B. One digit entry (5 chip option) 

Tne use of the Interface chip for single digit entry for up to 20 
favorite channels does not Dasically modify the operation of the 
system as described aDOve. This chip Interfaces with the 
keyboard lines on the control chip and the operational sequence 
is identical to that of a two digit entry from the keyboard except 
tnat the two digit information comes from the Interface chip 
register which is fed the two aigit cnannel numDer information 
stored in one of its twenty memory lines (non volatile), which can 
be accessed by single digit entry as described above. 

Wnen tne Interface chip is u9ed there is an option available as en 
alternative to the obtaining the last channel viewed on power-up. 
This alternative option always returns the system to memory line 
"one" on the Interface chip on power-uD 



ELECTRICAL characteristics 


Maximum* Ratings 

Voltage on any pin witn respect to V ss ...-20V to -*.3V 

Storage Temperature Range.-30°C to ■ L 1S0°C 

Operating Temperature Range.0*0 to i-70°C 


T-1001 Standard Conditions (unless otherwise stated) 


V gs - Ground 

Vtxj s ‘ r12V 
T^sO'C to +70 C 


Characteristic 

Min. 

Typ. 

Max. 

Units 

Conditions 

supply Voltage, V 00 

10.8 

12 

13.2 

V 


Supply Current, l 0D 


15 

35 

mA 

V DD « 12.0 VDC 

Master Clock. f m 

0.7 

0.8 

0.9 

MHz 

R = 100K a: 5% to V 0D 

Fine Tune Clock, f f 

9.7 

11? 

12.5 

kHz 

C = 68, 75, or S2pF ± 10% to V gs 

Inputs; 






Logic ”1” 

V SS *8 

- 

V OD 



Logic "0” 

v ss 

— 

v ss * 5 



Outputs; 






Logic "1" 

Vdo -2 

— 

v oo 

V 


Logic "0" 

v ss 

— 

Vss *'5 

V 


Rise & Fall Time t f , t, 



1 

ys 



T-1101 Standard Conditions 


V ss = Ground 
V D0 = -12V 
T* 5 0°C to -70°C 


V Characteristic 

Units 

Min. 

Max. 

Conditions 

v ^00 

V 

10.8 

13 2 


Iod 

mA 


10 

With clock running 

| V L 

V 

v ss 

v D p 


£ Quiescent Current 

mA 


10 

Clock Frequency = 0Hz 

f Vln (Logic Low Signal in) 

V 

0.0 

1.0 

At all inputs unless otherwise specified. 

i V HM (Logic High Signal In) 

V 

8.0 

Vod 

At all inputs unless otherwise specified. 

V L0 (Logic Low 


0.0 

1.0V 

For Pins 6, 9, 8 10 into 1 Mii, 2DpF ioBd 

| Signal Out) 

V 

0.0 

0.5V 


Vho (Logic High 


V oo-2 

v D0 

For Pins 11, & 28 Into 1 Mil, 20pF load 

t* Signal Out) 

V 

Voo - 3 

Vod 

For Pins 8, 9, & 10 into 1 Mii, 20pF load 

01 lUnits & Ters Clock) 

KHz 

9.2 

16.8 

Pins 1. 4. 5 

t h. T f 

ns 


550 

Pins 1. 4. S 

> 02 

KHz 

9.2 

16.8 

Pm a. 

Duty Cycle 01 (Typical) 

V12 of clock Frequency 

Pins 1, 5 

Duty Cycle 02 (Typical) 

1/0 of clock frequency 

Pin 4. 

t oelay 

JJS 

.45 

.55 

Delay between ri6e of 01 and 02 = 1/F 

^R> Tp 

LIS 


1 

Pins 0 thru 11 and 28 Load = lOpF 

r out 

Kohms 


24 

l L « 1 mA Pins 3,7,38,39 

Vo 

V 

1 2.0V 

Variations 

Between 

These 
Outputs 
on any 1 
chip to be 
fV Max 

At l 0 Min. = 17 mA. Additionally each output 
shall be capable of suslainnlng l 0 max 25 mA pins 
13. 14,15, 16. 17, 18, 19, 21, 22, 23, 24, 25, 26. 27. 
For LED display only, in the off condition leakage 
current at +20V to be no greater than 10 jjA. 

| ' 0 

mA 

1.6 


For Indirect display drive — 13,14,15,16,24 thru 
27. Outputs to be compatible to TTL or CMOS 
wlthut interface. V 0( = 0.6V, 










CMOS D/A Converter 


FEATURES 

a Combined and/or separate Coarse and Fine Tuning 
« 30V Tuning Voltage Range 
■ High Stability 
a Low Power Consumption 


DESCRIPTION 

The Mem 4956 is a CMOS D/A Converter designed to operate in 
conjunction with the Gl Omega and Economega Digital Tuninci 
Systems. 

it consists of two level shifting amplifier-drivers with a common 
output. A control input determines whicn amplifier is connected 
to the output. 


PIN CONFIGURATION 

14 LEAD DUAL IN LINE 

ropViaw 


Coarse Tune input C 

•1 ^ M 

□ V ea (+12V nom.j 

*ine Tune Input C 

? 13 

I] fins Tima Slot Input 

v Cs (ground) £ 

3 12 

Z) Coarse Tune Reference 

Fne Tyne Output £ 

4 -M 

13 Filtered fine Tuning Voltage input 

V fl (-2V nom.l C 

5 10 

3 v e r—2v nom.l 

Fine Tuna Ruler a nee T 

6 9 

13 Tuning Voltage Output 

V eo I+28V nom.j £ 

7 8 

Dnc 



"f- 

t 






p|N FUNCTIONS^ 


pin No. 

Name 

Function |' J| 


Coarse Tune Input 

Positive going pulse The duty cycle determines the Tuning Voltage Output. 

2. 

Fine Tune Input 

Positive going pulse. The duty cycle determines the Fine Tuning Voltage Output. 

3 

Vss 

Negative power supply W 


Fine Tune Output 

Amplified version of Fine Tune Input. Switches between Vss end Fine Tune Reference. : •. 


v 0 

-2V Bias used to Increase breakdown voltage. 

6. 

Fine Tune Reference 

Power supply to F'ne Tune Buffer Amplifier: 26V nom ; p 

7. 

Voo 

Power supply for Logic: 28V nom, (Voo must be the most positive power supply). 

9. 

Tuning Voltage Output 

Combined Coarse and Fine tuning data which after tittering is used to tune the TV. 

10. 

V s 

-2V Bias used to increase oreaKoown voltage. j; 

11. 

Filtered Fine Tuning 

The Filtered Fine Tuning Voltage connected to this input is combined with the Coarse 


Voltage Input 

Tuning Data by the action of the Fine Time Slot input. 

12. 

Coarse Tune Reference 

Power supply to Coarse Tune Buffer Amollfier: 2SV nom 


Fine Time Slot input 

When at loqic *0' tne Coarse Tunma information is connected to the Tuning 



Voltage Output. When at logic T the Fine Tuning information is connected. ifitiijInhjftM 

14. 

Vqg 

t 12V reference for input level shifting circuit. fflrt 

W;- 


STANDBY 

The -2V V B supply may be reduced to OV during standby provided that V D0 , V„ EF1 and v flEF2 are reduced to -12V (V GG ). The V 8 pins must 
not be open circuited. 


BIAS SUPPLY j 

The -2V Vq supply must have e source Impedance of 2.2Kohm or less and be decoupled to V^ by a lOnF ceramic capacitor. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 

Voltage of any pin with respect to V ss pin { 3 ) (except 

Vref. ii v ref. 2 > Voo and Vq). 

Voltage on V REF 1( Vref. z. V DD with 

respect to V ss pin ... 

Voltage on V a with respect to V§s pin. 

Storage Temperature Range ... 

Ambient Operating Temperature Range. 


.V QS to +36V 

.-4 to +0.3V 

. -40°C to +100“C 
.0°C to +70° C 


Standard Conditions (unless otherwise noted) 

V ss = 0 V 

V GG = *12V a: 10% 

Vod * V REF , = V REP 2 = +28 to +30V 
Vu - 2V -10% 

T. = +25°C 


‘Exceeding these ratings could cause perma¬ 
nent damage. Functional operation of this de¬ 
vice at these conditions is not implied — 
operating rangaa are specified below. 



Characteristic 

Min. 

Typ. 

Mbx. 

Units 

Conditions | 

1 

Input 

Logic 'O’ 

-0.2 


+0.3 

Volts 



Logic 'I 1 

10 


V GG 

Volts 



Fine Tune Output on Resistance 

Logic ’0’ 

_ 

100 

300 

Ohms 

i 


Logic T 

Tuning Voltage Output on Resistance 

— 

70 

200 

Ohms 

| 


Logic ’O’ 

— 

200 

500 

Ohms 

Pin 4 connected to Pin 11 


Logic T 

— 

300 

700 

Ohms 

R1 = lOKOhm p 


Output Propogatlon Delay 

Logic 'O' to Logic ‘T 

Logic '1' to Logic O' 

- 

90 

80 

- 

ns 

ns 

} Cl = lOOpF | 


Output Switching Time 

Logic O' to Logic '1' 

Logic '1' to Logic '0' 

- 

80 

70 

- 

ns 

ns 

1 Cl = lOOpF $ 


Supply Current 

V GG> v 00- V REF V V HEF2- V B 

— 

0.2 

5 

pA 

V 0D =Vrefi *V flEF 2 = +28V !• 

V GG = +12V, V e * -2V. ? 

Pin 4 connected to pin 11; all inputs at V G0 
or V SS f 


TIMING DIAGRAM 



1400 Bit Electrically Alterable Read Only Memory 

features 1 


„ 100 Word x 14 bit organization 

■ Word alterable 

« 10 years unpowered data storage 

■ Write/Erase time lOOms/word 
s Single -35 volt supply 

■ No voltage switching required 
• MOS compatible signal levels 

description 

The ER1400 is a serial input/output 1400 bit electrically erasable 
and reprogrammable ROM. organized as 100 words of 14 bits 
each Data and address are communicated in serial form via a 
one-pin bidirectional bus. 

Addressing is by two consecutive one-of-ten codes 
Mode selection is by a 3 bit code applied to Cl C2 and C3 
Data Is stored by internal negative writing pulses tnat selectively 
lunnel charge into the oxide-nitride interface of the gate 1 nsulator 
of the 1 400 MNOS memory transistors When (he writing voltage 
is removed ihe charge trapped at the interface is manifested asa 
negative shift in the threshold voltage ot the selected memory 
transistors. 


PIN CONFIGURATION 
Standard package 

8 LEAD TO-99 


Special order package 

8 LEAD TO-fi 
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in the Accept Address and Accept Data modes, tms pin is an input 
pin for address and data respectively In the Shift Data Out mode this 
pin is an output pin designed to drive MOS. in Standby. Read. Erase 
and Write, this pin is left floating 

Used for testing purposes only Must be left unconnected 
f or normal operation. 

Cnip substrate. Normally connected to ground 

DC supply Normally connected to -35 volt supply 

14KHz timing reference. Required for all operations. May be left at logic 

zoro when device is in standby. 

Mode control pins. Their operation >s as follows: 

Cl C2 C3 Function 

0 0 0 Standby - contents of Address and Data Register 

remains unchanged. Output buffer is left floating. 

0 11 Accept Address-Data presented at the I/O pin is shifted 

into the Address Register with each clock pulse 
1 0 0 Read - The address word is read from memory into the 

data register, 

1 0 1 Shift Data Out - The output driver is enaoled and the 

contents of the Data Register are shifted out one bit 
with each clock pulse. 

0 10 Erase - The word stored at the addressed location is 

erased to all zeros 

1 1 1 Accept Data - The data register accepts serial data 

presented at the I/O pin. The Address Register 
remains unchanged. 

1 1 0 Write - The word contained in the Data Register is 

written Into the location designated by the Address 
Register 

0 0 1 Not Used 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

All inputs ana outputs 

fexceptVoc) with respect to Vss.- 

V w ; with respect to Vis. 

Storage temperature(NoDataRetention) .. -65' J 
Storage temperature (witn Data Retentio-i) 

Operating. , 

Unoowered .. .... ... -65 

Standard Conditions (unless otherwise noted) 
V« « GNO 
Voo= -35V x 8% 

Operating Temperature (Ta) “ 0° C to ▼70’ C 


• -40V 
' 6 Ct o-150 C 

~ 2 . S ’0-75 C 


‘Exceeding these ratings could cause 
permanent damage Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


DC CHARACTERISTICS 

Input logic T 
Input logic O' 

Output logic T 
(1 meg, 100 pf toad) 

Output logic "0‘ 

Power 

AC CHARACTERISTICS 

Clock Freauency 
Write time 
Erase 

Rise. *aii time 
Propagation delay 

Unpowered non-volatile data storage 
Number of erase/write cycles 
Numhor of read accesses between wrjtes 

“Typical values are at-J-25°C and nominal voltage^ 


Symbol 

Min 

Typ" 

Max 

Units 

VK. 

Vv- -15.0 


V»-8 

Volts 

VIH 

Vss-i 0 

- 

V$s *0.3 

Volts 

VOL 

“ 

- 

Vxn-12.0 

Volts 

VOH 

V. w -i 0 


V« *0.3 

Volts 


“ 

- 

300 

mW 

ftf 

11.2 

14 0 

16 8 

KHz 

tw 

16.0 

20 0 

24.0 

ms 

te 

16.0 

20.D 

24.0 

ms 

tr tf 

— 

— 

1.0 

ps 

tpw 

— 

— 

20.0 

ps 

T s 

10 

—. 

— 

Years 

N w 


— 

10 e 

— 

^ Nra 

10 5 


- 

- 
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FEATURES 

a 8/12/16 Piograms 
a 4 Bands 
a ip bit Coarse-Tune 
a 4 bit Fine-Tune 

a Non-Volatile Memory without battery 
o Auto or Manual Tuning 


DESCRIPTION 

The ECONOMEGAI Digital Tuning system is a two chip voltage 
synthesizer. The first chip (AY-5-8203) is an n-channel control 
chip which interfaces the remote control system, memory and 
D/A converter. The second chip (6R1400) is a non-voletile 
EAROM memory which stores the tuning and band information 
for 16 programs. For details on the ER1400 referto thodatasheet 
beginning on page 4A-17. For details on the MEM4956 D/A 
converter circuit refer to the data sheet beginning on page 4A-14. 
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PIN FUNCTIONS 


- To ER1400 EAROM 


16KHz 
Band 1 Input 
Band 2 Input 
Band 3 Input 
Band 4 Input 
Tuning Clock 

Fine Tone Up Input 
Fine Tune Down Input 
System Clock 
Program Read Input 
Program Up Input 

Program Down Input 


Input/Output Select 
8/12/16 Program Select Input 

Serial Remote Input 

2° Input/Output 

2 1 Input/Output 

2 2 Input/Output 
2 s Input/Output 
Store Input 
N.C. 

Validate Input 
Auto Stop Input 

Constant Time Scan Input 


Audio Visual Output 


Fine Tune Output 

Fine Time Slot Input/Output 


Coarse Tune Output 
Band 4 Output 
Band 3 Output 
Band 2 Output 
Band 1 Output 
Vcc 


When connected to V ss selects Band 1 and initiates scan. 

When connected to V ss selects Band 2 and initiates scan. 

When connected to V ss selects Band 3 and initiates scan. 

Whan connected to V ss selects Band 4 and initiates scan. 

Controls speed of coerse and fine tuning, sat by external R-C nelwork. 
1.28KHZ nominal. 

When connected to V ss causes FT to increment automatically. 

When connected to V ss causes FT to oecrement automatically. 

System clock 2.0 MHz nominal set by external R-C network. 

When connected to V ss reads EAROM (includes 20ms anti-bounce delay). 
When connected to V ss increments program number by 1. There is a 
20msec antibounce delay on this Input. 

When connected to Vss decrements program number by 1. There is a 
20 msec antibounce delay on this input. 

When connected to V ss new data is loaded into program number register 
from the program number inputs and the EAROM data is read. When left 
open the program number inputs are inhibited 
When connected to V s $ selects input mode for 2°, 2 1 , 2 a , 2° pins. 

Fixes the number of programs tnat can be selected using tne Program UP 
and DOWN inputs. Open circuit =12, V ss =16, V cc =8. 

Accepts a train of 0.5msec negative pulses, the number of pulses 
determines the program number to be selected. 

I Binary program numoer input/output. When used as an inputaccepts data 
( in positive logic convention. (0000 = prog. 1). When used as an output the 
data is static and in positive logic convention. These outouts are TTL 
i compatible. 

When connected to V ss stores Tuning and Band information m EAROM 

Confirms valid stop command. Positive for a valid TV signal. 

Initiates Autostop sequence on a positive going edge (except in constant 
time scan mode). 

When connected to Vg S a constant scan rate of 8 sec. per Band is selected 
In addition on Band 3 stop is executed on a negative edge rather than a 
positive edge and the Muting output is active low with the same output 
specification as Band. 

Active high during scan and program change (active low inconstant time 
scan mode). 

Goes to logic *0' when the last program is selected (8, 12 or 16) end is on 
Band 3, 

Fine Tuning Information, 4 bits resolution. 

Used by MEM4956 CMOS D/A to combine Coarse and Fihe data when 
separate FT is not required. Connect to V ss when MEM4956 is not used to 
invert CT and FT Outputs. The Fine Tune slot is a 2psec pulse repeated 
every 250psec on Band 3, a lOpsec pulse on Bands 2 and 4 and a30psec 
pulse on Band 1. 

Coarse Tuning Information, 10 bits resolution. 

This output goes to logic '0' when Band 4 is selected. 

This output goes to logic "O' when Band 3 is selected. 

This output goes to logic 'O' when Band 2 Is selected. 

This output goes to logic 'O’ when Band 1 is selected. 

Positive power supply, -»12V =10%. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings' 1 


Voltage on any pin with respect to Vss pin .... -0.3V to *20 Volts 

Ambient Operating Temperature Range. 0° C to *70° C 

Storage Temperature Range ... -65 = Cto-i50' J C 


’Exceeding tnese ratings could cause 
permanent damage Functional operation of 
this device at these conditions Is not 
! mplied~ooeratmg ranges are specified 
below 


Standard Conditions (unless otherwise noted) 

v S5 = ov 

v cc - T12V - 10% 

System Clock “ 2MHz t 7.5% 


Parameter 

Min 

Typ‘* 

Max 

Units 

Conditions 

Control Inputs 






Logic ‘O' Level 

— 

— 

1.0 

Volts 


Logic T Level 

8 

— 

Vcc 

Volts 


Resistance 

— 

100 

- 

KOhm 

to Vcc 

Program No Inputs 






Logic 'O' Level 

— 

— 

0.5 

Volts 


Logic T Level 

8 

— 

— 

Volfs 


Resistance 

— 

50 

— 

KOhm 

toV cc 

8/16/12 Input 






Logic O’ Level 


— 

0.5 

Volts 


Logic 0/1 Level 

— 

ooen 

- 



Logic 'f Level 

10 

— 

- 

Vons 


In but Resistance 

— 

100 | 

— 

KOhm 


Band, AV, Outputs 






Logic '0' Level 

- 

— 

2 

Volts 

^smk = 5mA 

Off Leakage 


— 

10 

,iA 

Vaut * Vcc 

Muting Oulput 






Logic v Level 

6 

— 

— 

VOH3 

Isource = 2mA 

Off Leakage 

- 

- 

10 

,.i.A 

Note 1 

Program Outputs 






Logic 'O' Level 

— 

— 

0.4 

Volts 

Isink - 1.6mA 

Logic T Level 

8 

“ 

— 

Volts 

Isource = 1Q«A 

Supply Current 






Vcc (~12) 

— 

45 


mA 

at t-25°C 




60 

mA 

at 13V and +70® C 


‘'Typical values are at • i 25°C ano nominal voltages 

NOTE 1 In the constant time scan mode, the Muting Output has the same specification as the Band and AV outputs 


u 


operation 


Tune 

tune resolution is i0 bits with a oredominent output 


npjle «< « KH: 

2 ' F 'u!«tjne 'esducior is 4 bits with an output nppleati 5.6KHZ 
I n * ' nine steps twice per secons. ■t Poes not wrap sround o- 
e^edtow Into coarse tune. 3jrhg scanning it is reset to m;d 
range. 

3 Scanning 

;' n , acnja( tuning ^tes are l.xea by the Tun,no Ciockand may oe 
Rusted over w ce imits. Tyo cal i gurea are show- below 


(a) Normal Mode 




4. Auto Stop and Validate 

In tne Normal Mode a stop ia executed immediately on a positive 
going inpul transition. If validate goes positive within 256mSec 
the system stops, if not the scan will restart. 

At the end of a band the tuning voltage goes back to zero and 
after a delay of 256mSec scanning restarts. In the Constant Time 
Sean mode in Band 3, the stop is executed on a negative going 
transition. 

5. Manual Operation 

[n the Normal Mode Stop and Validate can be linked to the Band 
Inputs to give full manual control of the tuning operation. 

6. Muting 

The Muting output is active from the time that a Scan is Initiated 
until the Validate input goes positive after a Stop command. 
When a program change is made the Muting output is activated 
for 256mSec 

7. Tuning Procedure 


I 

} 

J 

t 


I 

% 

$1 


Band Scan Time 

1 0.8 sec 

2 1.6 sec 

3 1 .6 sec. 

3 8.0 sec. 

4 1.6 sec 

tb> Constant Time Scan Mode 

Operation of a band button initiates scanning on the 
selected band. The scan rate Is a constant 8 seconds for 
each band. 


1. Select required program number ( i to 1 6). 

2. Press required band button, scanning commences from the 
station currently tuned, scanning stops at the next station 

3 Fine tune if required. 

4. Store Data 

8. Fine Tune Resolution 

When me M6M4956 D/A is used to combine the Coarse and Fine 
Data the relationship between Coarse Tune and Fine Tune is as 
follows; BantJ 1 1 FT step _ 7 5 c t s t e ps 

Band 2, 4 1 FT step = 2.5 CT steps 

Band 3 1 FT step - 0.5 CT steps 



i 
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plI g FUNCT IONS 



AY-5-8290 MEM4956 


PRELIMINARY INFORMATION 


ECONOMEGA 11/20 Channel Digital Tuning System 


FEATURES 

B 20 Programs 

■ 4 Bands 

h 14 Bit Tuning Resolution 

■ Two digit Channel and Program Display 
B Self-Contained EAROM Memory 

b Most System Components Contained In Single 40 Lead DIP 

■ Self-Contained 500KHz oscillator 

a Fully Scanned Keyboard Controls and Multiplexed Display 
for Pin Reduction 

DESCRIPTION 

The AY-5-B290 is a one chip voltage synthesizer for low-cost 
television tuning systems It stores channel and voltage 
information for twenty programs in a self-contained non-volatiie 
memory 

The chip is fabricated in MNOS technology and contains botn P- 
Channel control logic and non-volatile memory within a single 
chip. 

Channel selection is accomplisned by pressing one of 20 sfnglo 
button program selectors or by pressing the PROGRAM UP or 
PROGRAM DOWN button. Provision 'S made for skipping 
unused programs The circuit has the capability of storing and 
displaying two digit channel numbers from Of to 99. A mode 
control permits display of the program numbers on thesametwo 
digit readout 

The tuning voltage is stored in memory to 14 bits of accuracy in 
all bands The rate of tuning is varied automatically between 
bands in order to equalize the tuning rate over all bands. 

Four band outputs are provioed, These are automatically 
selected by decoding the channel number T n e band decoding Is 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 

AY-5-8290 


KB, E 


j r en 

KB} C 

2 39 

2 

KB, E 

3 36 

3 Rai»i 

KB* E 

4 V 

□ -2DV 

KB, C 

5 36 

b ov 

KB, C 

6 35 

3 *17V 

MX, C 

7 34 

3 c lne Slot 

MX, C 

9 33 

□ Coarse Ool 

MX, C 

9 32 

] Fine Oul 

MX, C 

10 31 

p Tune Ram 

MX, C 

” 30 

1 0 SMhiRC 

2* IN E 

’2 29 

P VHF Lock 

?• IN C 

13 28 

j Band 4 

2' IN C 

14 27 

□ Bane 3 

2 - in q 

15 28 

3 Sana 2 

?MN E 

IS 25 

P Bans ’ 

Snub#IN C 

I? 24 

p Muio 

f2« q 

IB 23 

3 Ouplsy Mode (Ch/Pr) 

BCO OUT { 2- C 

10 22 

P Program (No Skip) 

12' C 

20 2i 

: 2'1 BCO OUT 


done >n a mask programmable ROM according to the 
requirements of the particular country. 

The digit to analog conversion Is done by filtering a duty factor 
modulated waveform. The MEM 4956 CMOS D/A circuit Is 
recommended as a buffer between the AY-5-8290 and the tow 
pass filter. For details on the MEM 4956 refer to the data sheet 
beginning on page 4A-14 



Pin No. 

Name 


KBi - KBe 

7-11 

MXi - MXs 

12-16 

2 6 - 2 * 1N 


Strobe 

10-21 

BCD Outputs 

22 

Program (No Skip) 

23 

Oispiay Mode 

24 

Mute 

25-28 

Banos 1 through 4 


VHF Lock 

30 

0.5MHz R/C 

31 

Tune Rate 

32 

Fine Out 

33 

Coarse Out 

34 

Fine Slot 

35 

*17V * IV 

36 

Ground 

37 

-20V £ IV 

30 

Reset 

39 

Vm 

40 

Test Reset 


OPERATION 

A. Programming the 9y9tem. 

s 1, Switcn ‘'program" switch “on." 

ff 2. Switcn rotary selection to "channel." 

? 3. Press desired program button. 

|j 4. Operate the Channel Up/Down switch 

channel number appears in display. 

5. Operate theTunlng switch until the de 
appears. 

6. Press "Store." 

7. Switch program switch 'off 1 '. 

B. Selecting a channel 

1. Press desired program button. 


Function... . ... 

Six inputs from scanned keyboard matrix. 

Five outputs for scanning keyboard matrix and for multiplexing display. 

Five bit binary input for remote control inputs. Compatible with SAA 1025 or 
equivalent. 

Strobe for remote control inputs. 

Drives TTL BCD to seven segment decoder driver. Display channel or program 
number according to Pin 23, 

A logic ‘T on this pin inhibits the automatic skipping of a program if its cnanne' 
number is set to "0". It also enables the "store 1 ' button. 

Logic “i" causes channel number to be displayed. Logic zero causes program 
number to be displayed. 

Goes to logic one during program changes 

Single ended outputs used to activate tuner band switching- Function is internally 

mask-programmed according to national standards 

Logic “I" prevents user alteration of data in first 12 programs. 

Pm for connection of capacitor and resistor for setting frequency on on-board clock 
to approximately 0.5MHz 

Pm f or connection of capacitor to determine basic tuning rate. 

Variable duty lactor waveform proporrlonal to 4 least significant bits of tuning data. 
Variable duty factor waveform prooortlonal to 10 most significant bits of tuning data. 
Strobe used as input to MEM 4956 »or combining fine and coarse data into single 
waveform. 


Resets program register to Program 1 and retrieves appropriate data from memory 
Test pin for tasting EAROM volatility 

Signal provided to facilitate test of circuit. __ 


until desired 
iired program 








KEY MATRIX FUNCTIONS 



j|i 

If' 


Single Closure selects corresponding program number and causes channel number to be retrieved and displayed and 
activates corresponding band output 

Increments program selector upwards and retrievas channel information each time. "1“ is selected alter “20'’. If 
"Program” signal (Pin 22) Is a zero, programs will be skipped if they have previously been set to Channel "00". 
Increments program selector downwards. ‘‘20" is selected after "1". Rest same as above. 

Touching button less than 200 ms, increments the channel display upwards one count. Holding button down 
increments channel display at the rate of 2 counts per second. 

Same as above but increments downward. 

Causes tuning voltage to increase whflo held closed. Tunes at the rate of IX for first 3 seconds then increases to 3X, 
Tune rates in UHF are both 8 times faster than VHF. 

Same as above but tuning voltage decreases. 

Closure causes currently selected tuning voltage and channel number to be stored rn memory location 
corresponding to currently selected program numbar. 



1-20 

Pr 

Pr 

Ch 

Ch 

Tune 

Tune 

Store 





ELECTRICAL CHARACTERISTICS 

Power Supplies.,,... 



+17V ± IV at 15mA 
-20V ± IV at 5mA 
GND 

Clock Rate.500KHz (Self contained oscillator) 

D/A Converter Output Frequency.Predominantly 2KHz 

Display Outputs.Drives TTL Decodor/Driver 
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PIN FUNCTIONS 



AY-5-83QQ 

AY-5-B301 

AY-5-8310 


AY-5-8311 

AY-5-8320 

AY-5-8321 


AY-S-8322 

AY-5-8324 


TV Time/Channeil Display Circuits 


FEATURES 

■ Channe 1 Display 0 to 15 or 1 to 16 or 00 to 99 

* 4 Digit Clock Display option 

* Color character on black background or color 
character on color background. 

■ 14 or 24 OIL package 


OPTIONS 


Part Number 

Channel 

ilme 

AY-5-8300 

0-15 

No 

AY-5-8301 

1-16 

No 

AY-5-0310/11 

0-15 or 00-99 

Yes 

AY-5-8320/21/22/24 

1-16 

Yes* 


'The AY-5-8320/21 /22/24 are capable of either simultaneous or 
separate time and channel display and have automatic display 
enable. 


DESCRIPTION 

Tne AY-5-8300 series is a family of MOS circuits designed to 
display channel and time information on the screen of a TV set. 
The information Is displayed as color characters on a black or 
color background. Channel information is displayed either as a 
single charactar 0 to 15 or 1 to 16ora$adual character 00 to 99 
Time Is provided as a 4 digit hours and minutes display. The 
display is positioned at the top right hand corneroratthe bottom 
center of the screen; the display may be permanent or 
momentary Any of the A v -5-8300 series except the AY-5-8324 
may be used for either 525 or 625 line systems; the AY-5-8324 Is 
for use with 625 line systems only. 


INTERCONNECT DIAGRAM 
FOR TV TIME DISPLAY 


■ n I I I I I I I i i nil..,11, 


LnriiiiEQZLi ^tit^TTl.. 


PIN CONFIGURATION 

14 LEAD DUAL IN LINE 

AY-5-8300/01 


V 5S l»10vi C • 
Cder Ouiout C > 

CtMUder OulBut £ S 

Sync input C 1 
EonlBl Sync Inpul £ 5 
2° Channel Inpul £ 6 
2' Channel Inpul £ 7 


Verii 


* 3 niBpi&y Enable 
3 3 t.iMH* Clock Inpu* 

i 3 nc 

i 3 v oa i0N0i 
D H NC 

i 3 2 J Channel Inpul 
3 □ 2 f Channel Input 


24 LEAD DUAL IN LINE 
AY-5-8310/11 



AY-5-8320/21/22/24 


Top view 




Function 


all TYPES: 

Vertical Sync Input 


Resets the circuit at the end of eacn Tame At logic 'O’ during 
vertical flyback 


Horizontal Sync Input 


Activates tne line counter At logic "O' during Horizontal flyoack 


1.1 MHz Clock Input 


Determines character position and wioth. Must oe synchronized 
by horizontal sync pulse to prevent 'agged edges on character, 


Channel Inputs 2°-2 3 


AY-5-0300/01 

Display Enable 


Code 

Display 

Display 

Display 

2 3 2 2 2 1 2° 

AY-5-8300 

AY-5-8301/20/21/22/24 

AY-3-8310/11 

0 0 0 0 

0 

1 

0 0* 

0 0 0 1 

1 

2 

1 1 

0 O 1 0 

2 

3 

2 2 

0 0 11 

3 

4 

3 3 

0 10 0 

4 

5 

4 4 

0 10 1 

5 

6 

5 5 

0 110 

6 

7 

6 6 

0 111 

7 

8 

7 7 

10 0 0 

8 

9 

8 8 

10 0 1 

9 

10 

9 9 

10 10 

10 

11 

10 T— 

10 11 

11 

12 

11 — 

110 0 

12 

13 

12 — 

110 1 

13 

14 

13 — 

1110 

14 

15 

14 — 

1111 

15 

16 

15 - 


*00-99 MODE. 


When taken to logic ’O', the display is enacted. If an RC network is 
connected to this Din, a momentary disolay can be obtained 


AY-5-0300/01/10/11 
Character Output 
Color Output 


Defines the background border and tne character. 

Determines the character color. Goes to 'ogic T during a 
character block. 


AY-5-0310/11 

Channel Display Enable 


Clock Display Enable 
Channel Display Mode 


When taken to logic 'O', tne channel display Is enabled, if an RC 
network is connected to this pin, a momentary display can be 
obtained 

When taken to logic ‘O', tne clock display is enabled 

When at logic "0", the 0-15 cnannel mode is selected: logical" for 

00-99 channel mode. 


AY-5-0310/11 /20/21/22/24 
Clock Inputs 2°-23 

Mx1-Mx4 


Strobe Input 


Multiplexed 4 digit BCD clock data Inputs sucn as available from 
the AY-5-1203A clock circuit, 

Multiplex mpuis. at logic V during multiplex time slot For the 
AY-5-8310/11, when operating in the 00-99 channel mode, Mxt 
and Mx2 time slots are used. 

This input must go to a logic 'V during the middle of each Mxtime 
slot to load the clock data into the chip 


AY-5-8320/21/22/24 

Character Output 

Background Output 

Channel Display Enable 

Clock Display Enable 
Seconds Colon Input 


Defines the character outlines At logic T when displaying a 
character. 

Delines the background block. At logic '1' when outputting 
background. 

When taken to logic T, the channel display is enabled. The 
display is automatically enabled when the channel is changed 
When taken to logic T, the clock display is enabled 
This input controls the colon between tne hours and minutes 
display. When at logic 'O’, the colon is blanked. If connected to the 
DP output of the AY-5-1203A clock circuit, the colon will flash 


once per second. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Voltage on any pin with respect to Vss pm 
Ambient Operating temperature range 
Storage temperature range, 


+0.3 to-20V 'Exceeding these ratings could cause perma- 

0°C to +85° C nent damage. Functional operation of these 
-65 6 Cto+150°C devices at these condtlons is not implied 
—operating ranges are specified below. 


Standard Conditions (unless otherwise noted) 

V GQ = 0V 

V ss = +16V to +19V (AY-5-8300/01/10/20) 

V ss * +H.4V to + 12.6V (AY-5-8311/21) 

V ss = + 12.35V to +14.0V (AY-5-8322/24) 

Operating Temperaturo (T A ) = 0°C to +85°C 

Clock Frequency = 1.1MHz t 10% (1.173MHz t 10% AY-5-8322/24) 


Characteristic 

Min 

Typ" 

Max 

Units 

Conditions i 

COLOR 0 

Vertical Sync Input (Note 1) 





if 


Logic ‘O' 

0 

— 

7 

Volts 

ii 

CHARACTER 0 

Logic T 

Vss-5 

_ 

Vss-t-0.5 

Volts 

§ 


Rise & Fall Time 

— 

— 

5 

fiS 

10% to 90% j? 







Min slew rate 5V/psec ? 


Horizontal Sync Input 





r 


Logic '0' 

0 

— 

7 

Volts 


« 

Logic ‘1* 

V«-1.5 

— 

Vss +0.3 

Volts 

* 

CHARACTER 0 

Rise & Fall Time 

— 

— 

1 

ps 

10% to 90% R 


1.1MHz Clock Input 







Logic '0‘ 

0 

— 

7 

Volts 



Logic'V 

Vss-5 

— 

Vss +0.3 

Volts 

it 


Rise & Fall Time 


— 

300 

ns 

10% to 90% t? 


Pulse width 

250 

— 


ns 

at logic 0 and logic 1 levels 


Channel Inputs (Note 1) 







Logic'0‘ 

0 

— 

7 

Volts 

.1 

SYNC 

Logic T 

Vss-5 

— 

V ss +0.5 

Volts 



Clock Inputs, Multiplex, 






1.1 MHi CLOCK 

Strobe Inputs 







Logic ‘O' 

0 

— 

7 

Volts 

1) 


Logic T 

V« -1.5 

— 

Vss +0.3 

Volts 

| 

CHARACTER 

Input Resistance 

— 

20 

— 

Kohm 

To Voo | 


Display Enable inputs 






BACKGROUND 

Switch point positive edge 

Vss-8 

_ 

V JS -5 

Volts 

I 


Outputs 





1 


On resistance 

_ 


1 


Venn - Vss -2V I 


Off leakage 

_ 

— 

1 

mA 

Volt - 0V 


Turn ON time 

— 

— 

200 

ns 

10-90% load 25K & 20pF to ground ft 


Power 

- 

- 

400 

mW 

Vs* = -19 V f 

BACKGROUND 


"Typical values are at 4 -25°C and nominal voltages. 

NOTE: 

i. These inputs are diode clamped to Vs*. Maximum clamp current 50#iA 



timing diagrams 


CHARACTER o 



HACKCROUNO 


Flg.2a OUTPUT WAVEFORMS (AY-5-8300/01/10) 
(AY-5-8311 AS ABOVE BUT DISPLAY STARTS AT LINE 85.) 



(AY-5-8322 AS ABOVE BUT DISPLAY STARTS AT LINE 165. 
AY-5-0324 AS ABOVE BUT DISPLAY STARTS AT LINE 220.) 


4A-30 






The display is positioned digitally >n Doth the vertical and 
horizontal directions. The vertical position is determined by 
counting horizontal sync pulses (the counting is initiated by the 
vertical sync pulse). The timing relationships are shown in Figs 
2a and 2b. Additionally, for the AY-5-8320/21/22/24. the time 
display is positioned 35 lines further down so that [ t appears 
immediately below the channel display. 

In the horizontal direction the display is positioned by counting 
pulses from an external 1.1 MHz oscillator which is synchronized 
with the horizontal sync pulse to prevent ragged edges on each 
Character. 

Each character is made up of 15 dots in a 3x5 matrix. Wltn a one 
dot border around each cbaracteratotaimatrix of35dotsina 5x7 
format is utilized. Each dot lasts 0.9uisec in the horizontal 
direction and is 5 lines high. This gives a rectangular dot and 
characters as shown in Figs. 3a and 3b. 

Tne various channel/time display formats are illustrated in Figs 
4,6 and 7. The display positioning on the TV screen is shown in 
Figs 8a and 8b. 

in the AY-5-8300/01/10/11, thecharacte r display is controlled by 
two outputs. Character and Coior. The video channels are 
controlled in the following manner: 

(a) Black/white display 


Other color displays are generated oy suppressing one or two 
chrominance channels 

In tne AY-5-8320/21/22/24, one video output defines the 
characters and the other a background block Using tnese 
outputs, a display of any color character on a background of anv 
color may be obtained. ’ 

The channel data Is Input on four lines, in the 0—15 or 1—is 
channel mode, this information is applied in binary from a diode 
encoder attached to the varactor tunfng drivers. Binary numbers 
greater than 9 are detected and displayed as a two digit character 
In the clock mode, data is entered on a 4 line BCD bus 
multiplexed into 4 time slot6 A strobe signal occuring in the 
middle of each timeslot is used to read the data into the chip 
When the AY-5-1203A clock is used it can be directly connected 
to the AY-5-8310/11/20/21/22/24 with no external components. 
The AY-5-8310/11 displays the time with hours and minutes 
(Fig.6) the AY-5-8320/21/22/24 displays tne time with hours, 
minutes and a flashing colon for seconds (Fig.7] 

In the 00-99 channel mode theoata is entered as a two digit BCD 
number in Multiplex time slots i and 2 in the same manner as the 
clock formation. 


0 0 Normal picture 

1 0 Black (luminance channel full off) 

1 1 Black 

0 1 White 

(o) Bfaek/Yellow display 
Character Color Normal picture 

1 0 Black (luminance full off) 

1 1 Black (luminance ful/ off and blue suppressed) 

0 1 Yellow (luminance full on and blue suppressed) 


IE1HE 

blBED 


Fig. 3a CHARACTER SET 
(AY-5-8300/10) 



Flg.4 CHANNEL DISPLAY 


I 23H5 
S1B9D 


Fig. 3b CHARACTER SET 
(AY-5-8301 /11/20/21Z22/24) 


r 


pj 

f 

-y | 

1 u 

j j 


_[ 


Flg.5 CHARACTER SIZE 
(25/26 INCH SCREEN) 


dA-22 



Fig.8a DISPLAY POSITION-CHANNEL (AY-5-B30D/01/1Q/11) OR TIME (AY-5-8310/11) 


AY-5-8320/21 


AY-5-8322 


AV-5-8324 


Flg.8b DISPLAY POSITION—SIMULTANEOUS CHANNEL AND TIME (AY-5-8320-21/22/24) 
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AY-3-8330 


Electronic On-Screen TV Tuning Scale 


FEATURES 

e Electronic tuning scale tor 4 bands. 

0 Mask programmable tor Band or Channel number display. 
e Mask programmable for display position. 
b 12V operation compatible with G.l. digital tuning systems. 


DESCRIPTION 

The AY-3-8330 is designed to provide an electronic on-scraen 
tuning scale for varactor tuner TV sets. A horizontal line of 
variable length shows the tuning voltage and a scale is provided 
to aid tuning. Four bands are provided, band number or 
optionally channel number being displayed. The band or channel 
number display may be mask programmed as desired within the 
limitation of 2 blocks of 5*7 dots (see Fig.3). The graticule may 
also be programmed as required. 


PIN FUNCTIONS 


Function 



Horizontal Sync 
Input 


Positive supply (+12V -• 10%) 
Ground 

Negative sync pulse from TV set 


Vertical Sync 
Input 

Clock Input 

Clock Output 1 
Clock Output 2 


Tuning Voltage 

Input 

Timing 

Capacitor 

Timing 

Resistor 

Band 1 Select 

Input 

Band 2 Select 
Input 

Band 3 Select 
Input 

Band 4 Select 
Input 


Negative sync pulse from TV set 

1.1 MHz master clock which fixes display 

horizontal position. 

intermediate clock output 

Output of on-chip oscillator synchronized by 

Horizontal Sync. May be used to drive AY-5- 

8320 Dispfay Circuit via a CMOS invertor. 

Tuning voltage from Varactor diodes. Length 

of tuning bar is proportional to this voltage. 

Connect timing capacitor from this pin to 

Vgg. 

Connect adjustable timing resistor from this 
pin to Vgg. 


Connect to V ss to select required band, either 
channel number or band number information 
will be displayed. 


Display Output 


Positive going output of video information. 


Display Enable 
input 


Connect to Vgg io enable display 


PfN CONFIGURATION 

16 LEAD DUAL IN LINE 


Vcc (+12V) 
Clock Oscillator input 
Clock Oscillator Output 2 
Clock Owillstor Output 1 
Tuning Voltage Inpul 
Timing Capacitor 
Timing Ranslor 
Band t in pul 


C»t 
C 2 
C a 
C 4 
C s 
C * 

C 7 

C 8 


ie 3 v,s (0V| 

15 3 Hortiontal Sync Inpul 
14 3 Vertical Sync Input 
13 3 Dltplny Output 
’2 3 Olsplay Enable Input 
it (3 Sanaa input 
to 2 eand a input 
9 3 Band 2 Input 


SYSTEM DIAGRAM 


ELECTRICAL CHARACTERISTICS 
Maxlnium Ratings* 

Voltage on ary pin with respect toground pin.; 65 ; 

Storage temperature range . n o Cto+70°C 

Ambient operating temperature range . 


•Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


Standard Conditions (unless otherwise noted) 


VrC = +i2V ~ 10% 
T*=0°Cto+7Q°C 
Clock frequency = 1.1 MHz 



Min 

Typ" ~j 

Mbx 

Units 

Conditions 

Inputs 

Logic 'O' 

Logic T’ 

Analog Input 

Display Output 

Logic 'O' 

Logic *1' 

Ton, Toff 

Power Supply Current 

0 

+8 

0 

Vcc - 1 

10 

+4 

Vcc 

-9 

0.5 

200 

Volts 

Volts 

Volts 

Volts 

Volts 

nsec 

mA 

. 

I slr.K * 1mA 

I source = ItnA 


M 

IBS 'sit 


•’Typical values are at +25 a C and nominal voltages. 
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SAA1024 


Remote Control System 1/30 Channel Transmitter 


FEATURES 

■ 30 channels. 346.4Hz soacing in the range 34-44KHz. 

■ 9V battery operation. 

■ 4,4336MHz TV crystal master oscillator. 

a Touch or mechanical keyboard, 1 of 5 and 1 of 5 coding. 

■ Low standby current drain (15 mA). 


DESCRIPTION 

The Transmitter allows the transmission of 30 commands U6ing 
30 different ultrasonic frequencies in the range 33.945 tp 43.990 
KHz. It is designed for battery operator and uses a low cost TV 
crystal as the master osciiiator When inactive the circuit is in a 
standby mode having a current orain of less than ISmA.As soon 
as a valid input code is applied the main circuit is Dowered up and 
transmission commences 

Tde coae input can be generated by either a mechanical key- 
board or a touch plate. 


PIN CONFIGURATION 

16 LEAD DUAL IN LINE 



HI V ss (poiitivfi supply) 
3 LUtrascnio O lllp tit 
3 v 00 fnepsilv»»u poly) 
3 'nputl 
3 'flout K 
3 Input I 

to 13 input H 

9 3 'nout G 



TRANSMITTER WITH TOUCHPLATE INPUT 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Voltage on any pin witn respect to Vs* pin 

Output current 

Storage temperature range 

Ambient operating temperature range 

Standard Conditions (unless otnerwlse noted) 

v* - ov 

Vl>P *~7to-10V 

Operating Temperature (7*) — 'O 0 ^ to +70'C 


+0.3 to-12 Volts 
10mA 
-05'Cto -150° C 
-10° C to -70°C 


‘Exceeding tnese ratings could cause 
permanent damaga Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
beiow 


Characteristic 1 

Min | 

Typ*’ 

Max 

Units 

Conditions 

Clock Frequency 


4.4336 


MHz 

See diagram for external components. 

Output Frequencies 

— 

Sea Table 

— , 



Input logic 0 

.. 

~~ 

-0.5 



Input logic 'i 


— 

— 



Input leakage 

— 

— 

200 

nA 


Output On Resistance 

- 

500 

— 

<1 

to Vs. Vowr^-IV 

Output Off Resistance 

— 

1.5 

— 

k n 

to Vpd. Vo or - Vdd+0.5V 

Standby current dram 

— 

— 

15 

aA 


Operating current dram 

" 

8.0 

— 

mA 



'*Typical vaiues are at ~25°C and nominal voltages 


ULTRASONIC FREQUENCIES 


Crystal - 4.4336MHz tcode in negative logic) 


Key 

Frequency 

A 

B 

c 

D 

E 

F 

G 

H 

1 

K 

L 

1 

33,945 Hz 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

2 

34.291 Hz 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

3 

34,630 Hz 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

4 

34,984 Hz 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

5 

35,330 Hz 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

6 

35,677 Hz 

c 

0 

0 

0 

1 

0 

0 

c 

1 

0 

0 

7 

36,023 Hz 

’ 

0 

0 

0 

0 

1 

0 

c 

0 

0 

0 

8 

36.370 Hz 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

9 

30,716 Hz 

0 

1 

0 

0 

0 

1 

0 

c 

0 

0 

0 

10 

37,062 Hz 

0 

1 

0 

0 

0 

0 

0 

c 

’ 

0 

0 

11 

37,409 Hz 

0 

0 


0 

0 

1 

0 

0 

0 

0 

0 

12 

37,755 Hz 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

13 

38,101 Hz 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

14 

38,440 Hz 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

15 

38,794 Hz 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

16 

39,141 Hz 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

17 

39,407 Hz 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

18 

39,833 Hz 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

19 

40,180 Hz 

0 

0 

1 

0 

0 

0 

' 

0 

0 

0 

0 

20 

40,526 Hz 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

21 

40,872 Hz 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

22 

41.219 Hz 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

23 

41,565 Hz 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

24 

41,911 Hz 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

25 

42,250 Hz 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

26 

42,604 Hz 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

27 

42,951 Hz 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

20 

43,297 Hz 

0 

c 

1 

0 

° 

0 

0 

0 

0 

0 

1 

29 

43,643 Hz 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

30 

43,990 Hz 

0 

c 

0 

1 

0 

0 


0 

0 

_Lj 

1 
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FEATURES 

■ 30 Control Channels. 

• 16 TV Channels. 

» 3 Analog Channels 

■ ON/OFF Channel. 

■ Normalize Control 

■ Local Control. 

a Uses 4.4MHz TV Crystal 


DESCRIPTION 

The Receiver has 30 control channels, each channel being 
allocated a separate ultrasonic frequency. Sixteen of the 
channels are allocated to selection of TV programs, six are used 
to control three analog outputs, one for On/Off. one for 
Normalizing, one for Muting and five are left spare. All channels 
are output on a 5 line binary bus The bus is also used as an 
inoul for loco' control. 

The analog cnanneis have a pulse width modulated output with 
30 possible values, the time taken to go from maximum to 
minimum being 5.5 seconds The Normalize button sets the 
outputs approximately to their mid-point. 

The ON/OFF channel toggles every time it is activated, there is a 
delay of approximately 0.7 seconds to orevent accidental 
operation. 


PIN CONFIGURATION 

16 LEAD DUAL IN LINE 

Toe Vrew 

J—o— 

V sg (positlve supplyi D6' ’6 

3 Von (negative supply) 

Volume output C 

2 15 

D Clock ipui 

Brightness outpu) L 

3 14 

J Ultrasonic input 

Color output C 

■» 13 

^ N.C 

Von (memory) C 

S 12 

U Input/Culpul A 

Oft/Off output C 

6 11 

ID 'n put/O utpul 0 

Inpul/OuloUE C 

1 10 

3 N.C 

Input/OutpulO C 

8 9 

3 inpul/Output C 


To prevent false operation the frequency of the ultrasonic input is 
measured in the following manner. As soon as the signal appears | 

a 23mSec timer >s started, at the end of this period the room \ 

reflections will have died away. j. 

The frequency is then measured for23mSec.andthe appropriate { 

output activated. It at any time a signal is received with a period \ 
shortor than 18/iSec. or longer than 36^Sec. the receiver is reset | 

Out of band and noisy signals are therefore rejected | 
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PIN FUNCTIONS 


V* 

. Von 

Vpo (memory) 


7,8,9,11.12 Input/Output A, B. C, D. E 


Positive supply 

Negative supply 18V nominal. 

Nsnative supply lo D/A store, allowing the analog values to be 
retained with very low power consumptlon(Typ 0- 2mA a ’ ,ov ' 

This pin is driven by a 4.4336HM2 crystal oscillator. The input 
signal should be a minimum ot 4V peak to peak caoaclttvely 

The 3 ultrasonic signal should be capacitively coupled and be at 
least 300 mV peak to peak The first incoming pulse triggers a 
zylms timer and alter a delay ot this period, two mt 

ot the ultrasonic signal are mode over the following two 23.1ms 
periods. If the measurements produce a comparison, an outpu 
pulse 23 . 1 ms long is generated after a further' pause oM6.2ms. 

With continuous input signals an output pulse isge nara '“® v! 
184.3ms During the complete receiving > lme ,! he 
ultrasonic signal is measured n it is .ess than IBeSec or greater 
than 36uSec the signal is leiected and the receiver ,is se 'back 10 

the start conditions and anevr measuring cycle commences. The 
input signals need not be completely accurate tor jahstelmV 
reception. At the lowest irequency an error of ^0.5114 can DC 

tolerated and althe highestiO.39%. 

These outputs are in the form of a pulse, the mark to space ratio of 
which can bo changed in 30 steps from 1:30 to30:1, the repe rt.on 
frequency being 8 99KHz. The mark space ratio is incremented 
bv'one step about 115mSec aftor the start of an u '’ r ® s ° n ’^ 
command thereafter it is incremented every i84.8mSec The 
oumut stage is an open drain MOS transistor which appears as a 
1 KOhm (Max ] resistor connected to V ss when ON and an open 
circuit when OFF. At power ON the outputs are normalized to the 
following markspace ratios’ 

Color Output 1 ® ;1 5 

Brightness Output 
Volume Output 

When command 4 (Normalize) is received, Color and Brightness 
are reset to their normalized values. Volume is unchanged, 

When command 2 (Mutel is received Volume rs_turnerI OFF a 
further command re-enables the output. A delay fl+ aPP™* 1 
mately 0.7 seconds is built In to this control to prevent false 
operation. 

When the Volume output is muted the ' ,olum ® 
commands are blocked. The Muting is canceled 
Muto command Is repeated or an ON command is receiver, 
in the SAA-1025-01 version this output is toggled ON and OFF 
by the reception of command 1. In the SAA-1025-02 verslor, 
command 1 will only turn the output OFF. The command must be 
□resent for 0 7 sec At power ON the output is set to the OFF 
condition. When In the OFF condition the ou ' I ; u ' s e a j| 
prevented from changing. Also, when OFF, any oaa ^ 
channels for selecting TV programs, if present for 0.7 seconds 
will change this output to the ON condition However, these 
channels will not switch the output to OFFThe iautput cen ateo 
be switched ON by connecting pin 6to V ss for 10 microseconds. 
These pins have the dual function of receiving ln P u < 

Irom a local keyboard or touch plate and for providing output 
control signals in response to oorrimands Irom this transrnitler or 
the keyboard. When the receiver is inactive the pins are held to 
within t Volt of Vss by Ri (Fig 1). If a touch contact is activated 
current Hows through S3 and R2 (Safely Isolating; resistors) into 

HI driving the input negative. When the input vol age _ekceeds 4 

Volts tor at least lOuSec the command ts accepted and alter a 
orocesslnq time of 46 . 2 mSoc an output pulse 23 . 1 mSec tong is 
gonerated 9 During the output pulse the outout pin is driven 
negative by the output transistor. The output-"rt 1 * 
to drive TTL. When commands are received from both tne remore 
transmitter and the local keyboard the local command takes 
precedence.___ 
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electrical characteristics 

Maximum Ratings * 

Voltage on any pin with reaped to Vss pin 
Output Current. . 

Storage Temperature Range 
Ambient Operating TemperatureRange 


. . +0.3 to-20V 
• ■ . 10mA 
-65° C to +100° C 
-20*0 to +70°C 


Standard Conditions (unless otherwise noted) 

Vji S s= OV Fc = 4.4336MHz 

^co ■" to -19.5V Operating Temperature (T*) = ~20°C to +70”C 


‘Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—operating ranges are specified 
below. 


Characteristic 


ClocK Input 
Logic 0 
Logic '1 
Capacitance 
Ultrasonic input 
Inputs A-E 
Logic 'O' 

Logic T 
Outputs A~E 
Logic 'O' 

Logic ‘1’ 

On/Off Output 
Off leakage 
On resistance 

Analog Outputs 
Off leakage 
On resistance 
Output frequency 
Increment time per stop 
Memory Supply Current 
Chip Supply Current 


+0.3 

-4 


+0.3 

-4 


Typ** 


8.99 

184.8 

0.2 


’’Typical values are at -r-25°C and nominal voltages, 

TYPICAL CHARACTERISTIC CURVE 


Units 


-19.5 

10 


-19.5 

-0.5 


Volts 

Volts 

PF 

Vp-p 

Volts 

Volts 

Volts 

Volts 

pA 

KOhm 

pA 

KOhm 

KHz 

mSec 

mA 

mA 


capacity coupled 


RL = 4.7M to Vss 
lout" 1.6mA (Flg.1) 


Vout ~ -19,5 Volts 

Vout = -IV {resistance to V is ) 


Vout = -19.5 Volts 

vout - -iv (resistance to v«) 


Vnn(mem)*=-l0V 



Flg.2 OUTPUT CHARACTERISTICS 
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FREQUENCY/CHANNEL ALLOCATIONS 


Output In Negative logic 


Output Code 


1 CH 

Frequency He 

Channel Function 

A 

0 

c 

D 

E 

l 1 

33,944.09 

ON/OFF (-01) or OFF (-02] 

1 

0 

0 

0 

0 

2 

34,291.21 


Mute 

1 

0 

0 

0 

1 


34,637.85 

Color up 

0 

1 

0 

0 

0 

4 

34,964.02 

Normalize 

0 

1 

0 

0 

1 

» 5 

35,330.40 

Color down 

1 

1 

0 

0 

0 

V 6 

35,676.78 


Z1 

1 

1 

0 

0 

1 

fc 7 

36,023.15 

Brightness up 

0 

0 

1 

0 

0 

f 8 

36,368.53 


12 

0 

0 

1 

0 

1 

1 9 

36,715.91 

Brightness down 

1 

0 

1 

0 

0 

j 10 

37,062.23 


Z3 

1 

0 

1 

0 

1 

j? 11 

37,408.66 

Volume up 

0 

1 

1 

0 

0 

S 12 

37,755.03 


Z4 

0 

1 

' 

0 

1 

13 

38,101.41 

Volume down 

1 

1 

1 

0 

0 

jv 14 

3 B, 447.79 

Z5 


1 

1 

1 

0 

1 

f- 15 

38.794.16 

FI 


0 

0 

0 

1 

0 

1 16 

39.140.54 

F2 


0 

0 

0 

1 

1 

i* 17 

39.486.92 

F3 


1 

0 

0 

1 

0 

| 18 

39,833.29 

F4 


1 

0 

0 

1 

1 

5 is 

40,179.67 

F5 


0 

1 

0 

1 

0 


40,526,05 

F6 

Thc~c 

0 

1 

0 

1 

1 

k 21 

40,872.42 

F7 


1 

1 

0 

1 

0 

i‘ 22 

41,218,80 

F8 


1 

1 


1 

1 

23 

41,565,18 

F9 


0 

0 


1 

0 

24 

41,911.55 

F10 


0 

0 

1 

1 

1 

f 2S 

42,257.93 

F11 



0 


1 

0 

j 26 

42,604.31 

F12 


1 

0 

1 

1 

1 

t 27 

42,950.68 

F13 


0 

1 

1 

1 

0 

f. 28 

43,297.06 

F14 


0 

1 

1 

1 

1 

i 29 

43,643.43 

F15 


1 

1 

1 

1 

0 

% 30 

43,989.81 

F16 J 


1 

1 

1 

1 

1 


$ 

i 

I 


r 


i 




Hi 

mm 
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PRELIMINARY INFORMATION 


Remote Control System U/23 Channel Transmitters 


FEATURES 

n Ultraaonlc or Infrared transmission 

h 23 Direct channels of information 

ii Direct drive for 40KHz transducer 

fl Power consumption only during keying of information. 

■ AY-5-8410 — local control at receiver 
AY-5-8411 — remote control operates on 9V battery 

a Keyboard bounce protection built in. 

■ No external oscillator Is required 

b Local transmitter wire-OR'ed to receiver 

DESCRIPTION 

The AY-5-0410/8411 transmitter provides the electronics to 
transmit 23 channels of Information. The transmission Is in pulse 
code modulated form suitable for either ultrasonic or infrared 
transmission, The transmitter will drive a 40KHz transducer 
either directly or via s step-up transformer. WHen any key is 
depressed, battery power is applied to thechip; power Is removed 
at the and of the code sequence following the release of the key. 
The requirement for a separate on/off switch Is avoided, Tne 
keyboard is an 8 * 3 matrix es shown on the next page. Key 
bounce protection is incorporated. A stable on-chip oscillator is 
also provided. 

If an local keyboard is required, an additional transmitter chip 
can be used to encode the local keyboard andthe chipoutput can 
be wire-OR'ed with the output from the receive transducer 
amplifier before being fed to the receiver chip. 








PIN FUNCTIONS 
Kay Lines Si, S2, S3 

key lines form part of tne key matrix aa shown above and 
are strobe signals which each go to logic 'O' In sequence. 

Inputs K1-K8 

T ’ kev lines form part el tne key matrix as shown above and 
, T hey a,« connected to strobe lines SI. S2 or S3 when approonato 
keys are depressed. 

Ultrasonic Output 

The ultrasonic output Isathreeatate push pull output which goes 
fogic 1 between train, of pulse ,n a data block 
A transducer or step up transformer can be connected between 
the ultrasonic output and V DD . 


PR and $l 

These are the oscillator input pins. The chip frequency is not 
critical except In so far es is necessary to satisfy the requirements 
of the ultrasonic transducers. 

The chip may be driven from an external clock by connecting the 
clock to both 0R and 4>L linked together 

Vss 

Ov or positive supply 
V 0 o 

Negative supoly (nominelly 9 volts for the AY-5-8411) 

y 

This pm is concerned with automatic circuit start up and should 
be connected to V 0 d by a 2.2Mohm resistor. 



transmitter key matrix 



NOTE' 

Channels are the codes that are output oy the AY-5-8420 receiver. 


ELECTRICAL CHARACTERISTICS 

Maximum Rating.* __ w -5OVtt>.03V 'Excssding those ratings could causepurma- 

Voltage on any pin with respect to v ss .. to *150° C nent damage Functional operation of these 

Storage Temperature range. devices at the conditions is not implied — 

Ambient Operating Temperature range. operating ranges are specified below 

Standard Conditions (unless otherwise noted 
Vss = OV 

V DD ■= -9V Nominal (AY-5-8411) 

-15V Nominal (AY-5-8410) 

Operating Temperature (T A ) = 0 B C to ■*■70°C 



‘Typical values are at -25 0 C and nominal voltages 
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AY-5-8420 , PRELIMINARY INFORMATION 


Remote Control System H/31-83 Channel Receiver 

FEATURES 

a Ultrasonic or Infrared reception. 

■ Up to 31 or 63 channels of information 
a On board oscillator — external oscillator optional 

■ Automatic power on dear 
n Local control from wire-OR Of transmitter 

■ Error detection is contained 

■ Output provided to show informtin being received 

DESCRIPTION 

The AY-5-8420 provides the elctronlcs to produce an ultrrasonic 
or infrared remote control receiver which, with an appropriate 
transmitter, can accept up to 63 channels of information. An on 
chip oscillator is provided, the frequency of which is non crlticat 
(s=66KHz). The oscillator frequency is set by one external 
resistor: an external oscillator can be used if required. Two 
outputs are provided to indicate that data has been received and 
Is ready for use. Automtic interna) power-on-clear is provided. 

Error checking bits are transmitted with the code, these are 
Interrogated by the receiver and prevent it from accepting 
incorrect data caused by attenuation, reflection or multiple path 
propagation effects. If the first received block of data is not 
accepted due to introduced errors, the receiver logic resets and 
attempts to accept the next block. Data blocks are repeatedly 
transmitted whenever the transmitter is keyed, 


PIN CONFIGURATION 
14 LEAO DUAL IN LINE 


V sg (Ground) C #1 
Clock p, C ? 

*00 Ms *l C 3 

Signal incur C * 
5'6 Select Input [I 5 
V Output C 6 
2 s Output C ' 


D Clock 

13 3 LED Output 
12 H Strobe Output 
11 3 ji Output 
10 U 2* Output 
9 □ V Output 
6 U 2' Output 



PIN FUNCTIONS 


0 Volts or positive supply. 

^DD 

Negative supply {15V nominal). 

Clock Inputs OR, d>L 

The clock frequency is determined by the value of a resisior 
connected between and ^L. 

and #L may be connected together and overdriven by an 
external clock input. 

Signal Input 

The input should be driven from an amplifier output stage. The 
receiver is Insensitive to input frequency except in so far as is 
necessary to satisty the requirements of the transducers. 

A local keyboard input can be wire-OR'ed. The frequency is set to 
approximately 66KHz witn a single resistor. 

5/6 Select Input 

This pin alters the function of the receiver to enable it to accept 
data from either a 5 bit (31 channel) or 6 bit (63 channel) 
transmitter. With the pin not connected the receiver functions in 
the 5 bit mode. With the pin connected to V ss the receiver 
functions in 6 bit mode. 


Outputs 2°, 2', 2», 2 J , 2«, 2 5 

The six outputs are latching outputs which retain the data until it 
is replaced by new input data. The outputs are open ended and 
clamp to 0 Volts with no output data present. 

The output codes change stats midway through the end code 
following correct reception of a data block. 

Power-on-clear sets the outputs to an all ones state when power 
Is first applied. 

LED 

This signal can be used to drive an Indicator to show that new 
data has been received. 

The LED output is normally at 0 Volts and goes open circuit 
simultaneous with the outputs changing. The signal remains In 
this state during the time that the transmitter is keyed and the 
receiver is receiving input sig nals. The signal goes to 0 volts 32ms 
after the input signals ceese. 

By gating the LED output with a discrete decode of the outputs 

1.2.4.8.16.32 a signal is obtained to drive an analog function i.e. 
volume up. Such a signal would be present only during the time 
that the transmitter was keyed. 

Strobe 

The strobe output is open ended and damps to 0 Volts. 

The clamp is released 60psec after the data on outputs 

1.2.4.6.16.32 has changed and is re-applied 60^ sec later. 


I 

r 

I 

i 


I 


electrical characteristics 


Maximum Ratings* 



.,, -20V to +0.3V 

•Exceeding these ratings could cause perma- 

Voltage on any pin with respect to V sa 



-65°C to •'•150*0 

device at these conditions is not implied 

Ambient operating temperature range . 





operating ranges are specified below. 

standard Conditions (unless otherwise noted) 




V 5 s = oV 

nr^mtilcVem^eTature (T A ) = D°C ‘0 +70*C_ 

_ 


Units 1 

Conditions 

Characteristic __ 

Inputs 

Clock, 



n 

1 


Signet. 

5/6 Select: 

Logic 0 

Logic 1 

t0.3 

i -3 

- 

-i 

v oo 

Volts | 
Volts 


Outputs 

A-F, 

LED, 

STROBE: 




1 mA 

2V drop 

Logic 0 sink current 

1 _ 

66 

- 

1 kHz 

_-— 


Oscillator frequency 


-Typical values are a, *25" 0 and nominal vollages. 
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PIN FUNCTIONS 


Remote Control System IU/30 Channel Transmitter 


h 30 channels 346.4Hz spacing in the range 34-44KHZ. 
a P-channel SV battery opertion. 
b 4.4336MHz TV crystal master oscillator. 
b S * 6 matrix keyboard Input. 
b Low standby current drain (IOjjA), rnax. 

» Compatible with SAA1025, SAA113Q, AY-5-8460 and 
AY-5-8461 receivers. 


DESCRIPTION 

The AY-5-8450 allows the transmission of 30commartds using 30 
different ultrasonic frequencies in the range 33.945 to 
43.990KHZ. It is designed for battery operation and uses a low 
cost TV crystal as the master oscillator. When inactive the circuit 
is in a standby mode having a current drain of less than 10pA. As 
soon as a key Is depressed the main circuit is powered up and 
transmission commences. 


OUTPUT FREQUENCIES Clock Frequency: 4.4336MHz 


PIN CONFIGURATION 

16 LEAD DUAL IN LINE 


OStiUttlor IfiBUi l 
Oscillator Outout [ 


'6 .J V ss (Positive supply) 
tS Ultrasonic Oulpyt 
14 — 1 v dd (Negative supply) 
’3 J YS\ 

52 □ Y4 I 

'' U Y3 >Koyboard Outputs 


Key 

Frequency (Hr) 

SAA1025 

Receiver Command 

XI Yt 

33944.89 

Off/On 

XI Y2 

37062.28 

Z3 

XI Y3 

37408.66 

Volume Up 

XI Y4 

37755.03 

Z4 

XI Y5 i 

38101.41 

Volume Down 

X2 Y1 

34291.21 

Mute 

X2 Y2 

38447.97 

Z5 

X2 Y3 

38794.16 

FI 

X2 Y4 

39140.54 

F2 

X2 Y5 

39486.92 

F3 

X3 Y1 

34637.65 

Color Up 

X3 Y2 

39833.29 

F4 

X3 Y3 

40179.67 

F5 

X3 Y4 

40526.05 

F6 

X3 Y5 

40872.42 

F7 

X4Y1 

34984.02 

Normalize 

X4 Y2 

41218,80 

F8 

X4 Y3 

41585.18 

F9 

X4 Y4 

41911.55 

FIO 

X4 Y5 

42257.93 

FT 1 

X5 Y1 

35330.40 i 

Color Down 

X5 Y2 

35676.78 

Z1 

X5 Y3 

3602315 

Brightness Up 

X5 Y4 

42604.31 

FI 2 

X5 Y5 

42950.68 j 

F13 

X6 Y1 

36369.53 | 

Z2 

X6 Y2 

36715.91 ! 

Brightness Dovm 

X6 Y3 

43297.06 

FI 4 

X6Y4 

43643.43 i 

F15 

X6 Y5 

43989.81 : 

F18 




Oscillator Input 1 
Oscillator Output ) 


Keyboard Outputs 


Ultrasonic output 
Vss 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


The Quartz crystal network is connected to these pins. 

The keys are In the form of an XY matrix. 

teen°pTeswd the appropriate ireauenoy Is transmitted. If more than oneKey 
IS pressed the Chip ceases to transmit. 


Negative supply (-9V nom) 
Off until key pressed 
Positive supply (ground) 


Voltage on any pin with respect to V ss pin.. • +0 ^ to ^QmA 


Output current. 

Storage temperature range. 

Ambient operating temperature range.. 


. -65 s C to +150°C 
.-10°C to +70*C 


Standard Conditions (unless otherwise noted) 

v 5S = o v 
V DD = -7 to -10V 
F clock = 4,4336MHz 
T a = 0 9 C to 70°C 


Characteristic 

Clock Frequency 


Key Contact Resistance: 

ON 

OFF 

Key Capacitance 
Output: 

On Resistance 
Off Resistance 
Standby Current Drain 
Operating Current Drain 


Min. Typ 

Max. 

Units 

_ 4.4336 

- 

MHZ 


100 

n 

1 — 

— 

Mn 


20 

pF 


600 

0 

_ 

3 

KO 

— 5 

10 

fA 

_ 12 

— 

mA 


See the Connection Diagram for 
external components 


To Vgs, V 0U r s “ 1V 
To Vpp, V ou y = Vpp *0.5V 
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AY-5-8460 


AY-5-84G1 


Remote Control System IU/16 Channel Receivers 

FEATURES __ 

ffi 16 Control Channels; 0 to 9, Volume up ano down (AY-5-8460), la^FAn^ru !a 
R ecall, ON/OFF, Fine Tune up and down (AY-5-8461), AY c 

channel up and down. ay-o-8460 

b Outputs in 3x5 matrix format for driving Omega. v^. (posuivt 

■ On chip oscillator using 4.4336MHz TV Crystal. v 01um 


DESCRIPTION 

The AY-5-8460/8461 is a 16 channel ultrasonic remote control 
receiver designed to be compatible with the Gl Omega TVdlgital 
tuning system. It can be operated by either the AY-5-8450 or the 
SAA 1024 'remote control transmitters. 


AY-5-8461 CONNECTION DIAGRAM 




1,1 - • • - OUTPUT 


fINE tune DOWN 
OUTPUT [TO OMEGA 
CONiaOl. CHIP| 


-» FINE TUNE UP 

output ito Omega 
CONTROL CHIPJ 


PIN CONFIGURATIONS 

18 LEAD DUAL IN LINE 
AY-5-8460 Top view 

, r—^7— 

Vgs (positive supply) Q U 

5 It V DO 

Voiurnn Output ( 

” 2 t: 

r 3 Clock input 

DN/OFF InpuUOulput [ 

la '( 

i U Clock Output 

Vqg r 

_ “ If 

* 3 Ultrasonic inout 

Recall Output [ 

I 5 U 

; 3 Volume Up/Down Input 

«ei output [ 

~6 '2 

i 3] KBS Input 

KB2 Output £ 

I * iz 

3 KBT Input 

KBS Oulpul r 

I B 11 

3 *36 Input 

KB4 Output £ 

; 9 to 

2) K85 Output 

AY-5-8461 

v ss (Positive Supply) (3 

Top View 

*i 18 

3v dd 

Fine Tune Down Output £ 

? 17 

I] Clock Input 

0IWOFF Inpul/Output [2 

3 16 

2) ctock Output 

Vbo C 

4 IS 

~2 Ultrasonic input 

Recall output (2 

5 14 

2) Fine T una Up Output 

KBt Output (2 

6 13 

12 K8S Input 

KB2 Output M 

7 ’21 

2] KS7 Input 

KBS Output □ 

« 

2) KB6 Input | 

j KB* 1 Output 

9 1Q| 

12 KSS Outpur j 


47pF| "[Mor 

T 


FREQUENCY ALLOCATIONS 
AY-5-8460 


Frequency Hz 



37 0620 

0 

KB1/KB6 

37 409 

Recall 

_ 

37 755 

On/Off 

_ 

38 101 

Channel Down 

KB4/KB8 

38 448 

1 

KB2/K86 

38 794 

2 

KB3/KB6 

39 140 

3 

KB4/KB6 

39 487 

Channel Up 

KB5/KB8 

39 833 

4 

KB5/KB6 

40 180 

5 

KB1/KB7 

40 526 

6 

KB2/KB7 

40 872 

Volume Down 


41 219 

7 

KB3/KB7 

41 565 

8 

KB4/KB7 

41 912 

9 

KB5/KB7 

42 258 

Volume Up 

- 


_ Frequency H z 

3? 0620 
37 409 

37 755 

38 101 
38 448 

38 794 

39 140 
39 467 

39 833 

40 180 
40 526 

40 872 

41 219 
41 565 
41 912 

_42 258 


Recall 

On/Off 

Channel Down 


Output Code 

KB1/KB6 


PIN FUNCTIONS 


Pin No. 

Name 


Functions 

1 

Vse 


Ground 

1 

Volumo Output (AY-5-8460) 

This output iE in the form of a pulse, the mark o< space ratio of which can be 
changed in 125 steps from 1:126 to 126:1, the repetition frequency being 8.73KHz 
The mark space ratio is incremented by one step about 115mSec after the start of 
an ultrasonic command, thereafter it is incremented every 46.2mSec. At power ON 
the output is normalized to a mark space ratio of 63:64. The output is also 
controlled by pin 14 

2 

Fine Tune Down Output 
(AY-5-8461) 

This output is connected to the corresponding pin on the Omega system. It is at 
logic ’1’ tor the duration of the ultrasonic command. 

3 

ON/OFF Output/Input j 

This output is toggled ON ana OFF by reception of the corresponding ultrasonic 
com mand. At power up the output is set to the OFFstate. When in the OFF state the 
Volume output Is prevented from changing and the KB outputs are at logic'1’, the 
Fine Tune outputs are at logic 'O’. 

The output may be turned ON by connecting it to V$s via a iQKOhm resistor for 

10ps. it may bs turned OFF by connecting it to Vqq. TheUltrasonic command must 
be present for at least 0-7 sec. to activate the output. 

4 

V(3G 


This pin is externally maintained at Vdd + (6V *- 5%), to serve as a ground 
reference for logic signals which interface with the Omega system. 

5 

6 

7 

Recall Output 

KB1 Output 

KB2 Output 


This output is at logic ‘U" for the duration of the ultrasonic command. 


KB3 Output 


These outputs and inputs are connected to the corresponding pins on the Omega 




system. A 3*5 matrix keyboard may be connected to the same pins. Maximum 

11 

12 

13 

KB5 Output 

K87 Output 

KB8 Output j 


capacitance between intersecting matrix lines 20pF. 

14 

Volume Up/Down Input 
(AY-5-8460) 

This is a tristate input which provides local controiof the Volume Output function of 
pin 2. Connecting this pin to Vjs (Vdd) via a IQKOhm resistor causes the mark 
space ratio to increment (decrement). The Input must be activated for 23mSec 
before the Volume Output begins to change. This input has oriority over any 
ultrasonic command. 

14 

Fine Tune Up Output 
(AY-5-8461) 

This output is connectod to the corresponding pin an the Omega system. It is at 
logic ’1’ for the duration of the corresponding ultrasonic command. 

15 

Ultrasonic Input 


The ultrasonic signal should be capacitively coupled and be at least 500mV peak 
to peak. The first incoming pulse triggers a 23.1ms timer and after a delay of this 
period, two measurements of the ultrasonic signal are made over the following 
two 23.1ms periods. If the measurements produce a comparison an output is 
generated after a further pausB of 46.2ms. The outputs are present for the 
duration of the ultrasonic command. During the complete receiving time the 
period of the ultrasonic signal is measured, if it is less than 18 usec or greater than 
36usec the signal is rejected and the receiver is set back 10 the start condition and 
a new measuring cycle commences. The input signals need not be completely 
accurate for satisfactory reception. At the lowest frequency an error of - 0.51% 
can be tolerated and at the highest s 0.39%. 

16 

Clock Output 


This is the output of the clock oscillator. Oneside of the crystal is connecteo to this 
pin. 

Th/s is the input of the clock oscillator. The other side of the crystal is connected 
to this pin. 

17 

Clock Input 


18 

Vdd 

J 

Negative power supply. 




AY-S-8460 CONNECTION DIAGRAM 


TO KEYBOARD 
AND OMEGA 
CONTROL CHIP 



AY-5-8460 ULTRASONIC PREAMP 


EFR-056-40K2 

ULTRASONIC 

MICROPHONE 



ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Voltage on any pin with respect to Vss Pin - 


Storage temperature range. 

Ambient operating temperature range . 

Standard Conditions {unless otherwise 
Vss = 

V G 5 = -12V i <0% 

v 00 > v« - (6V ± s **) 

f = 4.4336MHz 
T h = 0°C to +70°C 


.. +0.3 to -20 Volts 
, -65°C to +150 D C 
.0°C to +70° C 


noted) 


Characteristic 

Min. 

Typ 

Max. 

Units 

Conditions 

| Clock Oscillator Frequency 

- 

4.4336 

- 

MHz 


| Ultrasonic Input 

l Sensitivity 

500 

_ 

25 

mVp-p 

i 

| Impedance 

10 

— 

— 

KOhm 


Keyboard Inputs (KB6-8) 

Pull up resistance 

200 


__ 

KOhm 

1 

» V 6S 

| Logic 'O' 

— 

- 

V SS -« 

Volts 


1 Logic '1' 

V ss -'-5 


— 

Volts 


Volume Input 

^ Increment Up 

_ 

_ 

Vss 

1 Volts 

lOKOhm to Vgs 

|3 Increment Down 


— 

— 

Volta 

Short to V g g 

p No Movement 


- 

— 

— 

Open Circuit 

ON/OFF Input 




Volts 

Load lOKOhm to V ss & lOOKOhm to V SG 

OFF 

Vqq 

- 

Vqq + 0.5 

Volts 

Short to V G6 

Keyboard Outputs (K81-5) 

> Logic ’0’ 

Vqg 

— 

V GG *0.5 

Volts 

^ Load lOOKOhm to V ss 

Logic ’1' 

V SS -1 


v ss 


r- Recall Output 

i, Logic ‘0’ 

Logic *T 

V GG 

Vss -1 

- 

V GG +0.5 
Vss 

Volts 

Volts 

| Load lOOKOhm to V 5S 

i*. Fine Tune Outputs 

f 1 Logic 'O' 

Vgg 

_ 

Vqg +0-5 

Volts 

| Load lOOKOhm to V QG 

Logic *T 

Vss -i 

— 

v ss 


j Volume Output 

fe On Level 

Vss -1 

_ 

v ss 

Volts 

| Load 68KOhm to V GG 

Off Level 


— 

V 0G +0.5 

Volts 

& Pulse Frequency 

ON/OFF Output 

8.73 

" 


kHz 


| ! Off 

V GQ 

— 

Vqg *0.5 

Volts 

> Load lOOKOhm to V GG 

I On 

V SS -1 

— 

V SS 

Volts 

Supply Current 

- 


25 

mA 
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GIMINI TV GAMES 


DESCRIPTION/GAMES 


FUNCTION 


Six selectable games for one 


or two players with vertical 
paddle motion Tennis, Soccer. 
Squash, Practice. Rifle Game 


SALl & 

paddle: 


1& Rifle GameH 


Six selectable games for 


one or two players, with 
hort2ontal and vertical paddie 
motion Tennis, Soccer, Squash 
Practice, Rifle GamelA 


BALL & 
PADDLE 1A 


Rifle GameH 


Converts the black & whit 


video outputs of either the 
AY-3-8500-1 or AY-3-8550-1 
io a single color composite 


COLOR 
CONVERTER I 


video signal 


Eight selectable games for one 


or two players, wilh horizontal 
and vertical player motion 
Tennis. Hockey Soccer 
Squash. Practice. Gridball 
Basketball & Basketball 


BALL & 
PADDLEE 


Practice 


Converts the black & white 


video outputs ot the 
AY-3-8600-1 lo a single colo* 
composite video signal_ 


COLOR 

converter n 


ELECTRONICS 



A (wo player "Tank Battle" 
game where eacn piayer has a 

AY-3-8700 

BA 1 ILfc 1 | 

forward and reverse speed 
control and a firing button 

AY-3-8700-1 


The GIMiNI chip set provides 
the basis for a user-program- 

CP1610 


med game series for up to 
eight players and featuring jp 

RO-3-20480 

GIMINI* 

objects. 64 selectable moving 

AY-3-8900 

GAME SET 

mable background locations 
movable background field, and 

AY-3-8900-1 


plus black and white. User 

RO-3-9316A 


Ball & Paddle. Aggression. 
Gambling, Racing, etc 

RAM 














Ball & Paddle I 


FEATURES 

a Full COLOR operation (see page 4B-13) 

B 6 Selectable Games - Tennis, soccer, squash, 
practice and two rifle shooting games, 
a 625 Line (AY-3-8500) and 525 Line (AY-3-0500-1) versions, 
a Automatic Scoring 
a Score display on T.V Screen. 0 to 15 
a Selectable Bat Size 
jbgl ■ Selectable Angles 

;.S: ■ Selectable Ball Speed 

'»? b Automatic or Manual Ball Service 

a Realism Sounds 

b Shooting Forwards in Soccer Game 
■ Visually defined area for all Ball Games 

DESCRIPTION 

The AY-3-8500 ana AY-3-8500-1 circuits have been designed to 
provide a TV ’games' (unction which gives active entertainment 
using a standard domestic television receiver 
The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. A system diagram Is shown below. 



PIN CONFIGURATION 

— 

28 LEAD DUAL IN LINE 


Top Vi 


•NCC«i U 

28 3nC* 

Vss (GrcundlC 2 

27 3 Hit Input 

Sound OulpuiC 3 

28 3snoi input 

V cc £ 4 

25 D Resol input 

Ball Angles C 5 

2« 3 Score and Field Output 

Beil Output C 6 

23 3 Practice 

6*11 SpeedC 7 

22 3Squash 

Manuel Serve C A 

21 3 Soccer 

Rigm Player Output C 9 

20 3 Tennis 

Lett Player OutputC 10 

19 □ Rille Came 2 

flight Bat InputC 11 

18 3 Rille Game i 

Left Bat InputC 12 

17 3 Clock Input 

Bat Size C 13 

'6 3 Sync Output 

■NCC 14 

15 3NC* 

•Do nol use as 



PIN FUNCTIONS (Pin numbers In parentheses) 


V8S (2) 

Negative supply Input, nominally OV(QND). 

Sound Output (3) 

The hit (32ms pulse/976Hz tone), boundary reflection (32ms 
pulse/488Hz tone) and score (32ms pulse/1.95KHztone) sounds 
are output on this pin. 

Vcc (4) 

Positive supply input. 

Bell Angles (5) 

This Input is left open circuit (Logic T) to select two rebound 
angles and connected to Vss (Logic ’0*) to select four rebound 
englQs. When two angles are selected they are - 20", when four 
are selected they are * 20” and ^40°. See Fig. 9, 

Ball Output (6) 

The ball video signal Is output on this pin. 

Ball Speed (7) 

When this Input is left open-circuit, low speed is selected (1.3 
seconds for ball to traverse the screen). When connected to Vss 
(Logic '0'), the high speed option Is selected (0.65 seconds for 
ball to traverse the screen). 

Manual Serve (8) 

This input Is connected to Vsg (Logic '0') for automatic serving. 
When left open circuit (Logic*1’) the gamestopsaftereach score. 
The serve Is indicated by momentarily connecting this input to 
Vss- 

Right Player Output/Left Player Output (9,10) 

The video signals tor the right and 'eft players are output on 
separate pins. 


Right Bat Input/Lsft Bat Input (11,12) 

An R-C network connected to each of these inputs controls the 
vertical position of the bais- Use a 10K resistor in series with each 
pot 

Bat size (13) 

This Input is left open circuit (Logic T) to select large bats and 
connected to V S s (Logic'0') to select small bats. For a 19" T V. 
screen, large bats are 1.9" and small bats are 0.95" high. 

Sync Output (16) 

The T V. vertical ana horizontal sync signals are output on this 
pin. See Fig. io. 

Clock Input (17) 

The 2MHz master timing clock is input to this pin. The exact 
frequency is 2,012160 il% 

Rifle Game 1, Rifle Game2, Tennis, Soccer, Squash, Practice (18 
thru 23) 

These inputs are normally left open circuit (Logic T) and are 
connected to Vss (Logic '0') to select the desired game. 

Score and Field Output (24) 

The score and field video signal is output on this pin. 

Reset (25) 

This input is connected momentarily to vss (Logic - 0') to reset the 
score counters and start a new game. Normally toft open circuit, 
Shot Input (26) 

This input is driven by a positive pulse output of a monostable to 
indicate a “shot" 

Hit Input (27) 

This Input is driven by a positive pulse output of a monostable 
which is triggered by thB shot input if the target ison the sights of 
the rifle 


NOTE. The "Shot" and "Hit" Inputs have on-chiD pull-down resistors to Vss. Ah other Inouts (except the ’’Bat 1 ' Inputs) haveon-cmp puii- 
up resistors to Vcc. 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 

VoltageonanypinwithrespecttoV ss pin .-0.3to-*-12V 

Storage Temperatura Range.-20” C to *70° C 

Ambient Operating Temperature Range.0° C to *40° C 


Standard Conditions (unless otherwise noted) 
v cc = A 6 lo +7 v 


‘Exceeding these ratings could cause perma¬ 
nent damage. Functional operation of these 
devices at these conditions is not implied — 
operating ranges are specified below. 


Operating Temperature Oa) B 0 6 C to C 


Cherscterlsllcs 
et 25° C and Vcc = +6 Volta 

Min ^ 

Typ 

Mex 

r 

Units 

Conditions 

Clock In pul 1 

Frequency 

1.99 

2,01 

2.03 

MHz 

Maximum clock source impedance 
of IK to V cc or V ss . 

Logic 'O' 

0 

__ 

0.5 

Volts 


Logic T 

Vcc-2 

— 


Volts 


Pulse Width — Pos, 

— 

200 

— 

, ns 


Pulse Width — Neg 

_ 1 

300 


ns 


Capacitance 

_ 

10 

— 

PF 

Vim = 0V, F= 1MHz 

Leakage 

- 

100 

- 

>jA 


Control Inputs 

Logic ' 0 ‘ 

0 


0.5 

Volts 

Max. contact resistance of IK to V^ 

Logic T 

Vcc-2 

— 


Volts 


Input Impedance 


1.0 


M Ohms 

Pull up to V cc 

Rifle Input 

- 

1.0 

— 

M Ohms 

Puli down to V ss 

Outputs 

Logic ‘0’ 



1.0 

Volt 

lout = 0.5mA 

Logic T 

Vcc-2 

- 

- 

Volts 

lout = 0.1mA 

__ p «wer Supply Current 

i_ z_ 

40 

60 .... 

tnA 

at Vcc = *3- 5V 














Tennis 


With the tennis game the picture or the television screen would 
be similar to Figure 1 with one 'bat* per side, a top and bottom 
boundary and a center net. The Individual scores are counted 
and displayed automatically in the position shown. The detail of 
the game will depend upon the selection of the options 
Considering the situation where small bats are used and all 
angles, after the reset has been applied, the scores will be 0, Oand 
the ball will serve arbitrarily to one side at one of the angles. If the 
ball hits the top or bottom boundary it will assume the angle of 
reflection and continue in play. The player being served must 
control his bat to intersect the path of the ball. When a ‘hit 1 is 
detected by the logic, the section of the bat which made the hit is 
used to determine the new angle of the ball. 

To expand on this, all ’bats’ or ’players’aredivided logically into 
four adjacent sections of equal length. When using the fouranqle 
option it is the quarter of bat which actually hits which defines the 
new direction for the ball. 


The direction does not depend upon the previous angle of 
Incidence. With the two angle option the top and bottom pairs of 
the bats are summed together and only the two shallower angles 
are U6ed to program the new direction for the ball. 

The ball will then traverse towards the other player, reflecting 
or bottom as necessary until the other player makes 
his hit. This action is repeated until one player misses Ihe ball. 
The circuitry then detects a 'score'and automatically increments 
the correct score counter and updates thescore display. The ball 
, h ®"!f rve towards the slda which had just 

missed. This sequence is repeated until a score of 15 is reached 
by one side, whereupon the gam B Is stopped, The ball will still 
bounce around but no further 'hits’or’scores’can be made While 
. 9 ame l8 . ,n progress, three audio tones are output by the 
circuit to indicate top and bottom reflections, bat hits and scores. 


48-4 



Soccer 


The ‘soccer" type game is shown in Figure 2. With this game each 
participant has a 'goalkeeper* and a 'forward*. The layout is such 
that the 'goalkeeper' is in his normal position end the 'forward' is 
positioned in the opponent's half of the playing area. 

When the game start6, the pall will appear travelling from one 
goal line towards the other side. If the opponent’s forward can 
intercept the ball, (Figure 2a). he can ‘shoot’ It back lowards the 
goal. If the ball is missed it will travel to the other half of the 
playing area andthe first teams forward will have the opportunity 


of intercepting the ball and redirecting it forward at a new angle 
according to the 'player' section wnich is used (Figure 2b). If the 
ball is 'saved* by the 'goalkeeper* or It reflects back from the end 
boundary, the same forward will have the opportunity to inter- 
cept the outcoming ball and divert it back towards the 'goal*. 

A 'score’ is made in the “soccer'* game by ‘shooting’ the ball 
through the defined goal area. The scoring and game control Is 
done automatically as for the tennis game. The same audio 
signals are used to add atmosphere to the game. 



Fig.2a Return of “Goal Save” 


Flg.2b "Shooting" Forward 








Squash 

This game Is Illustrated In Fig,3. There are two players who 
alternately hit the bell into the court. The right hand player is the 
one that hits first; It is then the left hand player's turn. Each player 
is enabled alternately to ensure that the proper sequence of play 
is followed. 


Practice 



IN 


This game 19 similar to squash except that there is only one 
player. See Fig. 4. 
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BLACK AND WHJTE BA7S/GRAY BACKGROUND 


This option provides an added factor for player team recognition 
The field or court is produced as a gray backg round with thebats 
in black and white. This option Is particularly helpful for the 
squash game where the players are positioned close together. 


AV-3-6500/eS<XM CIRCUIT 


SCORE AMO FIELD 24] 


’+407? 


RIGHT BAT 


WOOULATOP 


THE ABOVE CIRCUIT IS USED AS AN ALTERNATIVE TO THAT SHOWN ON THE SYSTEM DIAGRAM 

Fig. 18 GRAY BACKGROUND 
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PIN functions network co 

Horizontal Motion Select (1) When connected to v sa °1. 

horizontal motion controls are enablod. open circuit fixes Bat Size 0- 
p ad dies at baselines tor vertical motion only- Jf'S® 

Vss (2) Negative supply Input, nominally OV(GND). high 

s-gnd Output (3) Tho hit (32m3 pulse/076Hz tons) Boundary R|gW B> , 

““action (32ms pulM/MSHz tone)i and shore (32 A "p-C ret 

pulse/ 1 .95KHZ tone) sounds ere output on mis pin. horizontal 

Vcc (4) Positive supply input- _ each pot. 

.. Ann iM f5> This Input is left open circuit (Logic T) to select Sync 0 utp 

Ba «hm nd angles and connected to Vss (Logic '0) to select are output 

tW ° r «jhound angles. When two angles are selected they are included ir 

WSSn torn ere selected they ,re d= 20" and * 40-. See ^ |np|j 

pin 9. pin. Thee; 

.ukiiA/eiack Bet Select (6) Connection to Vcc (Logic T) inverts 
T* riohtptey!* output for black right player. This input is pulled JJ ,e ®* m ' 
S'Vss 30 this circuit may bo used In AY-3-8500/S500-1 sockets. thru MM 
_ grjind n\ when thi6 input is left open-circuit, low speed is 
StecreTo 3 seconds tor ball to traverse the screen). When Outp 

M ™«nad to V<?<; (Logic ‘0’), the high speed option is selected Reset (25) 

?0°65 iconda tor ball to traverse the screen). to reset th 

Bi.miai Serve (8) This Input Is connectea to Vss (Logic ‘O') for °P en cirCL 

Somatic serving. When left open circuit (Logic T) the game shot input 

stops after each score. The serve Is Indicated by momentarily monostab 
connecting the input to V ss . Hit Input ( 

Riaht player Output/Left Player Output (9,10) Normally positive monostab 
Snq Video signals representing the right hand player (paddle the sights 

wore, and when playing Squash, the ball when it >9 the right hand Coinpos | t 

dayer's turn to hit) and the left nand player (paddle, score and of th< 

ball - except that in Squash the ball is output only when it s the be ase<j 
left hand player's turn to hit). When connected to V cc , th-output Sync flre 1 

is negative going with the "off" state at V cc . ( Se e p ig 

NOTE- The "Shot" and "Hit" Inputs have on-chip pull-down resistors to V S s- All ot 
up resistors to Vc c . 

ELECTRICAL CHARACTERISTICS (PRELIMINARY INFORMATION) 

Maximum Ratings* 

Voltage on any pin with reapecttoVgs pm . igO^Cto^WC 

StorageTemperetureRange." nor , o+40 » c 

Ambient Operating Temperature .. 

Standard Conditions (unless otherwise noted) 

Vcc * *6 to +7V 
V ss » 0V 


Characteristics 
at 25°C and Vcc = +6 Volta 

Clock Input 

Frequency 
Logic 'O’ 

Logic T 

Pulse Width — Pos. 

Pulse Width — Neg. 
Capacitance 
Leakage 
Control Input* 

Logic 'O' 

Logic 'V 

Input Impedance 
Rifle Input 

Outputs 

Logic ‘0‘ 

Logic 'V 

Power Supply Current 


pjoh! ba* vertical Jnout/Left Bat Vertical input 111,12) Mn 
network connected to each of these inputs controls me vertical 
position ol tie bats Use a toil resistor in series with eacn pot. 
Bat size (13) This input is left open circuit (Logic T> to select 
large bats and connected to v ss (Logic 0) to se ®Ft sniali bats 
For a 19" T.V, screen, large bats are 1.9' and small bats ere 0,9a 
high 

Right Bat Horizontal Input/Left Bat Horizontal Input (14,15) 
An P-C network connected to each of these inputs controls the 
horizontal position of the bats. Use a 10K resistor in series with 
each pot. 

Sync output (IB) TneT.V vertical and horizontal sync Signals 
are output on this pin. Sync must always be one of the signals 
included in the composite video to the modulator See Fig. 10. 
Clock Input (17) The 2MHz master timing clock is Input to this 
pm. The exact freouency is 2.012160 ± 

Rifle Game 1, Rifle Game 2. Tennis, Soccer, Squash, Practice (18 
thru 23) These inputs ara normally left open circuit (Logic 1) 
and are connected to V ss (Logic '0') to select the desired game 
Field Output (24) Tne field video signal is output on tnis pin. 
Reset (25) This input is connected momentarily to V S s (Logic ’O’) 

V ' __I -nemo Mnrrnfl Iv nft 


to reset the score counters and start a new game, Normally left 
open circuit. 

Shot input (26) This input is driven oy a Dosltive pulse output oy a 
monostable to indicate a "shot" 

Hit Input (27) This input is driven Dy a positive pulse output of a 
monostable wnich Is triggered by the shot input it the target is on 
the sights o* the rifle 

Composite Picture Data (28) This positive going output is the 
sum of the picture data fo' the bats, ball, field and score and can 
be used in lieu of the data on pins 9, 10 and 24 This signal and 
Sync are the only slgnels required for blaok and white oDeration 
(see Fig 12) 

to V S s- All otner inputs (exceot tne "Bat" inputs) have on-chip pull- 


Min 

Typ 

Max 

Units 

1.99 

2.01 

2.03 

MHz 

o 

_ 

0.5 

Volts 

VcC“2 

- 

Vcc 

Volts 

_ 

200 

— 

ns 


300 

— 

ns 

_ 

10 

— 

pF 

- 

too 

- 


0 


0.5 

Volts 

Vcc' 2 

- 

Vcc 

Volts 


1.0 

— 

M Ohms 

- 

1,0 

- 

M Ohms 



7.0 

Volt 

Vcc- 2 

- 

- 

Volts 

- 

40 

60 

mA 


'Exceeding tnese ratings could cause perma¬ 
nent damage Functional operation of these 
devices at these conditions is not implied — 
oDerating ranges are specified below 


Maximum clock source impedance 
of IK to V CG or V ss . 


V lN = 0V * = 1 MHz 

Max. contact resistance of iK to V ss 


Puli up to V cc 
Pull down to V ss 

lout = 0.5mA 
lout= 0.1mA 
at V cc = *8,5V 
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Tennis 


With the tennis game the picture on the television screen would 
be similar to Figure 1 with one ‘bat’ per side, a top and bottom 
boundary and a center net. The individual scores are counted 
and displayed automatically in the position shown. The detail of 
the game will depend upon the selection of trie options Con¬ 
sidering the situation where small bats are used and all angles, 
after the reset has been applied, the scores will be 0, Oand the ball 
will serve arbitrarily to one sida at one of the angles. If the ball hits 
the top or bottom boundary it will assume the angle of reflection 
and continue in play. The player being served must control his 
bat to intersect the path of the ball. When a 'hit 1 is detected by the 
logic, the section of the bat which made the hit is used to deter¬ 
mine the new angle of the ball. 

To expand on this, all ‘oats' or 'players' are divided logicaliy Into 
four adjacent sections of equal length. When using the four angle 
option it is the quarter of bat which actually hits which defines the 
new direction for the ball. 


The direction does not depend upon the previous angle of 
Incidence With the two angle option the top and bottom pairs of 
the bats are summed together and only the two shallower angles 
are used to program the new direction for the ball. 

When horizontal motion is seJecteo. the players are restricted to 
the proper side of the net. 

The Dali will then traverse towards the other playei. reflecting 
from the top or bottom as necessary until the other player makes 
his ‘hit 1 . This action is repeated until ona player misses the ball. 
The circuitry then detects a 'score' and automatically increments 
the correct score counter and updates the score display. The ball 
will then serve automatically towards the side which had just 
missed This sequence is repeated until a score of 15 is reached 
by one side, whereupon the game Is stopped The ball will still 
bounce around but no further 'hits' or 'scores' can be made. While 
the game is in progress, three audio tones are output by the 
circuit to indicate top and bottom reflections, bat hits and scores. 


JB-10 


Soccer 


The ‘soccer 1 type game is shown in Figure 2. With this game eacn 
participant has a 'goalkeeper' and a ‘forward’. The layout Is such 
that the 'goalkeeper' is in his normal position and the 'forward' 
can be positioned in any part of the playing area. 

When the game starts, the ball will appear travelling from one 
goal line towards the other side If the opponent's forward can 
intercept the ball, (Figure 2a), he can 'shoot' it back towards the 
goal. If the bell is missed it will travel to the other half of the 
play i ng area an d t h e f I rst tea m's fo rwa rdwillhavetheopportunity 



of intercepting the ball and redirecting it forwaro at a new angle 
according to the 'player' section which is used, (Figure 2a) If the 
ball is ‘saved 1 by the ‘goalkeeper’ or it reflects back from the end 
boundary, the 6ame forward will have the opportunity to inter¬ 
cept the outcoming ball and divert it back towards the 'goal'. 

A 'scons' is maoe in the 'soccer' game by 'shooting' tne ball 
through the defined goal area The scoring and game control is 
done automatically as for the tennis game. The same audio 
signals are used to add atmosphere to the game 



Fig.Zb ''Shooting" Forward 
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Squash 

This game is Illustrated In Fig 3. There are two players who 
elternateiy hit the ball into the court. The right hand plByer is the 
one that hits first; it is then the left hand player's turn. Each player 
is enabled alternately to ensure that the proper sequence of play 
is followed. The ball is colored to the color of the bat of the next 
player who’s to hit ihe ball. 


RlSIe Game No. 1 

This game is illustrated in Fig. 5. It has a large target which 
bounces randomly about the screen. A photocell in the rifle is 
aimed at the target. When the trigger is pulled, the shot counter Is 
Incremented and, If the rifle Is on target, the hit counter Is 
incremented, a hit noise is generated and the target is blanked for 
a short period. After 15 shots the score appears but the game can 
still continue without additional scoring 


Practice 

This gems !s similar to squ33h except that there is only one 
player. See Fig. 4. The left score counts misses; the right score 
counts hits The game ends when either 15 misses occur or when 
15 consecutive hits are made without a miss. The right score is 
reset If it is not 15 and a miss occurs 



I 




•IB-18 


4B-19 











-AtV- 



RETRACE- 


TARGET 


‘Positions as showi 
horizontal 'notion 
selected 


OASHED FIELD LINES NOT ORAWN TC SCALE 


NOTES: 1 us ■= 2 CLOCK PULSES INPUT ON PIN 17 
,«ji 1H - 1 HORIZONTAL SCAN OR 128 CLOCK PULSES (64jjs1 

COMPLETE FRAME: 525 LINE STD '28*262 = 33,536 CLOCKS: 625 UN£ STO- 128*312 = 39,936 CLOCKS 


PIN 16 
SYNC 


PIN 24 
FIELO 


PINS 11,12.14.15 
BAT INPUTS 


RISE TIME DEPENDS ON RC 


64uS6C 


PINS 9,10 
BAT OUTPUT 


PINS 9.10 
BALL OUTPUTS 


500Hz 


PIN 3 
SOUND 


(32m'soc PULSES) 


Fig.10 LOCATION OF DATA OUTPUT PULSES 


256ps | 

t5 $rt»P 6 | ,62B UN ^ STD| 


Fig.11 TIMING DIAGRAM 
















AY-3-8515-1 


PRELIMINARY INFORMATION 


Color Converter I 

description 

„ 1-8515-1 is a single N-Channel MOS circuit which 

the video outputs Pi the AY-3-8500-1 and AY-3-8550-1 
“^■circuits and converts the black and white signals to a single 
9 “£r composite video output. The colors of the background and 
Hhh cutouts are selectively changed directly by the game 
select inputs. The circuit also provides, as an output, a 2045MHz 
clock tor the game chip. 

OPERATION 

The AY-3-8515-1 provides a color composite video signal with 
color burst envelope and sync lor Input to the BF modulator of a 
tv game. 

svnc: The sync Input from the AY-3-B500-1 or AY-3-8550-1 is 
reconstructed in the color circuit and provides both front and 
back porchs to insure correct operation In color TV circuits. 
Color Burst: A cole burst signal, containing ten cycles of the 
3 579MHz color reference, is supplied after sync. The color phase 
of the burst is internally selected by the game select inputs with 
respect to the phases of the background, right player and left 
player so that different colors may be rendered for each game. 
This color change may be affected with no external components 
for bell and paddle games and only requires the addition of two 
diodes when target games are also selected. 

The color Durst is followed by an appropriate Dlanking interval so 
the TV set wifi not lock on to the background phase. 

Video Inputs: Four video inputs are provided on the AY-3-8515-1 
These are: field and score, left player, right player and ball. When 
operated with the AY-3-8550-1, the ball input should be 
grounded. 

Video Output: After sync, color burst and blanking, the video 
consists of background, field and score, right player, left player 
and ball. The ball output is always white. In the absence of other 
signals, the background ia output. 

The color outputs are: 


Grounded 

Select 

Input 


1 Tennis 

2 Soccer 


3 Squash 

4 Practice 


Back¬ 

ground 


Green 

Blue 


Cyan 

Green 


Field 


Yellow 

Cyan 

Blue 

Magenta 

Green 


Right 

Player 


Orange 

Cyan 

Green 

Blue 

Yellow 


Left 

Player 


Magenta 

Yellow 

Cyan 

Green 

Brown 


Colors may be adiusted for sysiem veriations by the chip hue 
control which varies the phasa delay of the color outputs. 

For games incorporating rifle, select input 3 may be connected 
by diodes to the squash select and practice select Inputs of the 
Same circuit, and select input 4 may be connected by diodes to 
'he two rifle Inputs 

Lumlnesence Levels: The luminesence levels of the various 

signals in the composite video output have been selected to 

provide black and white compatiblity. The field and left player 

signals are set to near white levels, the right to near black, and the 

background Is set at a mid level to show gray 

Figure 1 shows tne typical composite video waveform from the 

circuit. 




In order to assure the correct video levels, a IK variable 
potentiometer should be used to aojust the output to a maximum 
pf 4 volts and a minimum of 2 volts. 

CLOCK INPUT 

The AY-3-8515-1 operated directly from a 3.579MHz crystal 
input. A variable capacito r with e range ol 3 to 15 pF should be 
used lo tune the crystal. 

CLOCK OUTPUT 

The AY-3-8515-1 generates a low impendence2.045MHz clock to 
directly drive the game chip without external components 
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AY-3-8600 AY-3-8600-1 


Ball & Paddle H 

FEATURES 

a Full COLOR Operation (see page 40-32) 
a Eight selectable games — tennis, hockey, soccer, squash. 

practice, gridball, basketball and basketball practice, 
a 625 Line (AY-3-8600) and 525 Line (AY-3-8600-1) ve.'sions. 
ffl T.V. raster generator 

■ Color or black and white operation 
a Two axis player motion 

* Automatic on-screen scoring, 0-15 
a End of game indication (flashing score) 

■ Realistic bat! service and scoring 

■ Score color keyed to player 

■ Independent player selectable bat size tor handicapping 

■ Fast ball speed inhibit 

a Five segment bats giving 40°, ± 20°. and horizontal 

■ Sound outputs for hit, rebound and score 

■ Shooting forwards in hockey and soccer 

DESCRIPTION 

The AY-3-8600 and AY-3-8600-1 circuits have been designed to 
provide a TV ‘game’ function which gives active entertainment 
using a standard color or black and white domestic television 
receiver. 

The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. A system diagram is shown below 


FIN CONFIGURATION 
28 LEAD DUAL IN LINE 


Sync u 
Blinking C| 3 
Color Bum 

BRrkflround 



Law Seive q « 
Sound Oitput C It 
Rig’ll Horizontal In C u 


28 h Inftul , 

V p Saltci Input 2 
set Inpul 3 
p Slrobe 1 
Strobe 2 
p 5trobe 3 
22 p DP nol eonnocl 
Bill Speed inhib” 
RiflWt 8m Size 
1-3 p LOW Bol S<la 
nesti 

ntahi s«vb 

sb v M 

5 p Right vertical in 



p,N FUNCTIONS 


pc, * Cr supply mput 

: t°« p °9B<w< 6uSs i ra,e)supc ' y 

CS"'' 0 ' 

Rl9h 'p,aLhorn° n « l control 
"Tlilaver vertical c° n,, °' 

L °; player »c'izon«' con,ro1 
player serve 
Vplayer se'»e 
p!e)it player bat size 
« 0 iayer tat size 

&'’e/eenb.l.lnhrm. 

Game reset 

. ,h n- PS se* to zero ano bail returned to the 
=°" nec, ' n9 M res * ,nD " ,0 

v ss- either 15 or 30 lines in height 

Connection o. me Cel 

size l"PC<» Vss se ' 8C, ”™t “ stor ano capacitor connected 
“ Cn to "n't“ Systtrn Diagram. A ’OK olm resistor must oe 
p)eced^n series with tne ootentiometer. 

oeme select Inpola/Oulpulo 
Strobe 1 
Strobe 2 
Strobe 3 
Select Input 1 
Select Input 2 
Select Incut 3 

selection lines SEl 1. SEl 2, cr SEL 3 


The game selections are defined as 
STR 1/SEL 1 
STR 1/SEL 2 
STR 1/SEL 3 
STR 2/SEL 1 
STR 2/SEL 2 
STB 2/SEL 3 
STR 3/SEL \ 

STR 3/SEL 2 

Video Outputs 

Right bat, score and bail 

Left bat, score and bal 1 

Boundaries 

Background 

Sync 

Blanking 

Color burst locator 


Tennis 

Hockey 

Squash 

practice 

GridbaP 

Soccer 

Baskelbal' 

Basketball Practice 


AN signals arc present m the 

:z :ss cri: and 

Leo oLuls are provided 

r^^^S: g rem.,^oUhe P ar,idd,erPu,p U , 

Cl 'l *• m bah,r,d ,he sync 

pulse 

Pock input — 3.579MHz 



OPERATION 

Ball Motion - if rhe nich speed mooe 

rrle!" 

consecutive hits by the players without a goal being 

The Dats will be sogmenled into 5 m°top <1 ot > bat 9 to 


sc0,in9 , W|M terminate when one player has 15 points 

... ■"< ~ h ” ,hBr 

effect on the call. 

Sound ..... ennk.i 7 1 K 7 and 2 KHZ will be output lor a 

Tone of approximately 500Hz, and 

^ ^ •» - 

soeakers 
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Tennis 



j 


| 

i 

I 

!' 

I 

1 


fi 

I 

f; 


Tnis game uses a playing area as shown in Fig. 1. Eacn player can I 

only move around his side of the court The game will start when § 

the player whose turn it is to serve, depresses his service button. | 

The service will automatically change every five points scored. At S 

service the ball will move away from the service point with a 

random angle but always toward the net. f 


I 

I 





This game uses a playing area asshown in Fig. 2. The forwards on 
both sides have freedom to move over the entire playing area. 
The goai keepers will be locked In the horizontal axis rn front ot 
their respective goals but will move in the vertical axis I n the same 
manner as the forwards. 

The game starts when both players nave depressed tne.r service 
buttons The ball witl move away from the face off point with a 
randomly selected angle in either direction. 











Soccer 

This game uses a playing area as shown in Fig. 3. The motion of 
the players is as in the hockey game. The game will start when the 
loser of the previous goal depresses his service button. The ball 
will move away from the kickoff point with a randomly selected 
angle but always towards the goal of the winner of the previous 
goal 
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Tms game usas a playing area asshown in Fig. 4. Eacn player can 
move over the whole court. The game will start when the player 
whose service it is. depresses his service button. The ball moves 
olf with a random angle toward the Iront wait. The color of the bail 
win change to the color code of the next player to hit the ball 
Should the wrong player intercept or be hit by the ball it will be 
considered a fault Points will only be given if won on player's 
own service Points won on opponents serve will only cause a 
service change 


Practice 

This game is a single player squash (See Fig. 5) The right score 
counts the number of successive hits *n the current game (to a 
maximum of IS), the left score the number of volleys played. 










Gridball 

This game uses a playing area as shown in Fig. 6, Each player has 
throe sets of vertically moving barriers to block the ball from 
approaching his end and opening in the barriers to permit the bad 
to advance toward the opponent's end. The game starts when 
both players have depressed their service buttons. The ball 
moves away from the face off point with a random angle in either 
direction. 
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Basketball 

The basketball games use the dosed playing area as shown 'n 

Fig 7 The players must deflect the ball and cause it to enter the 

top ot the goal to score. The game starts when both players 
depress the service buttons. The ball moves from the serve point 
with a random angle in either direction 


Basketball 

Practice 

Basketball practice is a one player game which utilizes only the 
left basket as shown in Fig. 8 The right counter displays the 
number of hits the player makes without scoring while the loft 
counter shows the number of baskets made. Ptay starts when the 
r lght serve button is depressed. 
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AV-3-8615-1 

PRELIMINARY INFORMATION 

J 

m 


Color Converter H 


DES AY3 P 86° N 1 is a single N-Channe, MOS circuit which 
The AY-3-8615 , 1ne ay- 3-8600-1 game circuit and 

acc^ tt»»^° Ignats to a single color composite 

the game chip. 


OPERATION 

, IV 3 - 8615-1 provides a color composite video signal with 
S B or bct. envelope and sync for input to me Rf mode.ator of a 

T I"™ svnc input from the AY-3-8600-1 s reconstructed in 
SL coloTSt and piovides both front and back porches to 
Insure correct operation in color TV circuits. 

. Burst' A color burst signal, containing ten cycels otths 
SrgMHz color reterence is supplied alter sync. The color phase 
ternatiy shitted by the game matrix inputs wth 
“ 1, chases of the background, right player and left 

p!ayer so that different colors may be rendered tor eatfi game 
SS color change may be affected with no external components. 
The color hurst Is tollowBd by an appropriate ptanKinp mtervslso 
tne TV set will not lock on to the background pnase 
Video Inputs: Six video Inputs are proviued on the AY-M61J-1. 
These are: field, background, color burst locator, latt player, g 
player and blanking 

Video Output: After sync, color burst and oiankmg. the vid- 
consists oftsackground, Field, scores, right player, left player and 

Colors may be adiusted for system variations oy the chip hue 

control which varies the phase delay ot the color outputs, 

Lumlnesence Levels: The luminesence levels ot ttm various 

signals in we composite video output have bun 

provide black and white compaliBillty Tr f ,,eld ‘"tif.ndiie 

signals are setto nea-white levels,the nghtta near black, andthe 

background is set at a mid level to snow gray 

figure i shows the typical compoaite video wavetorm Horn the 

circuit 

In order to assure tne correct video levels, a 1 ® 

potentiometersnouid be used to adjust the ou pu aama 

ot 4 Volts and a minimum of 2 Volts. 


CLOCK INPUT 

The AV-3-B615-1 operated directly from a 3579 MHz crystal 
nput. A variable capacitor with a range of 3 to 15 p 
used to tune the crystal 


CLOCK OUTPUT 

The AY-3-8615-1 generates a tow impedance 3.579MHz c ock to 
directly drive me game cmp without externa' comoonen - 


PIN CONFIGURATION 

28 LEAD DUAL IN LINE 


3.579MHI Out □ 6 
Right VKJBO In □ 7 
Lflfl Video In □ S 
Boundaries In □ 9 
BacKgtouttd In Q 10 
Color euisi In rf 11 
Qlpnitlng In □ '2 
Sync In □ 13 


Grounded 
Select Bacif 

Input_ grom 

1 Tennis, 

Soccer Greei 

2. Gridball, Blue 

Hockey 


Back¬ 
ground Field 

Green Yellow 

Blue Cyan 

1 Blue 


Orange Magenta 
Cyan Yellow 


3. Squash, Brown Magenta Blue 

Basketball 2 | 

4 Practice. Cyan I 

Basketball 11 Green I Green I Yelic 


Yellow I Brown 



Fig. 1 COMPOSITE VIDEO OUTPUT 
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AY-3-8700 


AY-3-8700-1 


Battle I 


FEATURES 

ra Two independently controllaDle tanKS 
s Tank explosion and sounds when hit by shell or mine 
a exploding mines 

a Shell tiring and burst video and sound 
a Three forward and reverse tank speeds 
b 32 rotational angles 
a Fixed terrain barriers 
a Realistic tank sounds 
« Automatic on-screen scoring 
n Scores color keyed to player 

a 625 Line (AY-3-87C0) and 525 Line (A Y-3-8700-1) Versions 

DESCRIPTION 

The AY-3'8700/8700-1 circuit's a "tank battle game" and hes 
been designed for two players where each player has a 
completely steerable tank with forward and reverse speed 
control and a firing button. Anti-tank barricades and mines are in 
the battlefield to retard each tank's progress while under battle 
conditions. The object of the game is to score as many hits on the 
enemy tank as possible. The first player to reach 31 hits ends 
game. The circuit is designed to be used with standard domestic 
television receivers. The AY-3-0700/8700-1 is manufactured in a 
28 pin dual-m-line package and can be used In battery systems 
with a minimum numbar of components to provide a complete 
game. 


PIN CONFIGURATION 


28 LEAD DUAL IN LINE 



Top View 


v M C 

•' W 28 

3 Deck ground 

Riqni Player video i 

/ n 

3 Blanking 

ueU Player Video C 

3 26 

p Explosion Envelope 

T ank •, Strobe C 

S 25 

H Gunfire Envelope 

Loll Track Forward C 

S U 

p T anii 2 Strobe 

Righl T rack Forward H 

6 23 

3 Tank 2 Molar Sound 

nigh: T :ock Reverse C 

7 22 

3 Bearing Squeak 

Lelt Tack Reverse d 

8 21 

3 Tank 1 Motor Sound 

Fire Quo in C 

9 20 

3 Expiooion end Guollra Noise 

Garre Reset C 

10 9 

3 Clock Input M.09MHI) 

I rest (j 

ii -6 

3 Tem-Do not connect 

f Test 0 12 st 

] Sync 

I Teel C 

13 ifi 

3 Color Sural Locator 

\ Test : 

14 >5 







p|N functions 

5W ,rd 

r3 nk 1 "’“'o' 
fank 2 ™>'° r 
Bearing and track squeak 
explosion envelope 

«un I* 6 envelope 
Explosion and gun fire noise 

power Input 

y „ positive voltage 
* substrate (negative) voltage 

control Inputs and Outputs 
Left track lorward 
Left track reverse 
Bight track forwaro 
Bight track reverse 
Fire gun 
Control strobe 1 
Control strobe 2 
Game reset 

Video outputs 

Right player tank, shell, shell burst, score and mines 

L«it player lank, shall, shell burst, score anil fixed barriers 

Blanking 

Background 

Sync 

Color burst locator 


Clock Input 

4.09MHz clock input 


ViDtO SiGNAL OUTPUT 

All signals are present in the circuit to generate a composite 
video slgnei with a waveform which Includes composite blanking 
and color buret envelope. Tnis simple video signal provides the 
input to the gama RF modulator. 

The luminance levels are set Dy the ratios of the resistors shown 
in the System Diagram. This output configuration orovides 
maximum flexibility to the use who can set, at his option, either a 
positive or negative sync, 

Five outputs are provided; sync, right player, left player, back¬ 
ground and blanking. The right player output includes the tank 
-nool, right player score, shells fired by the right tank, shell 

_rst from right tank shells and mines. The left player output 

includes the left tank, left player score, shells fired by the left 
tank, lefe tank shell bursts and fixed barriers. 

It is recommended that one tank be displayed in white, one in 
black, and the background in grey. 

The blanking and Dlack outputs are shown connected to a single 
resistor since the modulation level i3 approximately the same lor 
both. 

In addition to the preceding five outputs, a color burst locator is 
provided to enable users who wish to provide a color background 
to locate the color burst envelope at the correct waveform 
position after the sync output 


CLOCK 4.09MHz 




a 
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Battle I 


DISPLAY SYMBOLS AND CONTROL 
TANKS 

Control — The tanks are controlled by connecting the appro¬ 
priate strobe outputs to the track inputs. Forward motion is 
achieved when both the right and left track forward Inputs are 
connected to the strobe. On connection, the tank will advance in 
low speed. If the connection is held, the medium speed will select 
after one half second. After another one second of connection, 
high speed is selected. Breaking the connection when any speed 
is achieved will cause the tank to remain at the selected speed. 
The controls should each be single pole double throw center off 
momentary switch. 

The tank can be made to go through the three reverse speeds at 
one second intervals by connection of the left arid right reverse 
track inputs to the appropriete strobe output. Tank rotation in a 
clockwise (right turn) direction Is caused by connection of the 
left forward and right reverse track inputs to the strobe while 
counterclockwise (left turn) direction is caused by connection of 
the left reverse and right forward track inputs to the strobe. The 
tanks are able to turn while eitherin forward or reverse speed and 
rotate when stationary 
Tank Details 

Definition and resolution 64 bits 18 x 8 ) or 8/100 
of TV screen width 
Orientations 32 

Direction of travel and 
firing angles 32 

Forward speeds 3 

Reverse speeds 3 


SHELLS 

Firing — connection of Ihe gun fire input to e strobe output with a 
SPST normally open pushbutton switch causes the firing of a 
tank gun and release of a projectile The firing rate is approxi¬ 
mately once every four seconds and the reflre requires release of 
the button and redepression Depression made during the four 
second interfiring time are ignored by the circuit. 

When a shell is in flight, the rotation of the tank will cause the 
shell to follow a curved trajectory in the direction of tank rotation. 
Range — the range of a shell is aporoximately 2/3 o f the screen 
length or width dependent on firing angle. 

Sire — the shell is a 2*2 bit dot 

BATTLEFIELD BARRIERS 

Fixed Terrain Barriers — a minimum of twelve oseudorandom 
fixed terrain barriers are on the battlefield to both Impede the 
progress of the tanks and provide protection from shells. When 
coming in contact with a barrier, the tank stops and cannot be 
restarted fo* two seconds. The operator must then reverse his 
direction or turn the tank to clear the barrier before proceeding. 
Mines — six mines are distributed on the battlefield. Hitting a 
mine with a tank causes the tank to explode and become 
stationary with its gun inactive for a period of 2 to4 seconds, The 
mine then vanishes for the duration of battle. A mine being hit 
scores a hit for the enemy tank. 

Barrier Sizes — barriers and mines are 4*4 bit square minimum 
size. 
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eX pi.06IONS (VIDEO) 

h II Bursts - shell burst patterns are produced when a shall is 
tend Of range or when the shell makes contact with a barrier. 
" k explosions — a tank will explode and fragment when a tank 
famine or is struck by a shell. 


SCORING 

cerate scores, color coded to the tank, ere indicated lor each 


SOUND OUTPUT 
general 

Th 9 sound outputs produced by the circuit ere low frequency 
' lca l 0 f those associated with heavy equipment motors and ot 
aimlosiona. it is recommended that the sound be reproduced 


ENGINE SOUND 

Outputs are provided for the engine sound associated with each 
tank. Four motor frequencies are provided; three lor the three 
speed ranges and one for stationary condition, A typical sound 
circuit for filtering each output is shown in the System Diagram. 


on his opponent's tank or the opponent's tank hits a mine. The 
game ends when either player scores 31 points. 

RESET 

The gsme Is reset by momentarily connecting Reset Input to Vs. 
through an SPST puehbutton. On reset, the scores arecleared to 
zero, mines replaced and the tanks reset to the upper left and 
lower right comer® in the stationary condition. 


GUN FIRE SOUND 

Gun lira sounds are produced mixing the noise output with the 
tire output. Tha fire output should be filtered and mixed with the 
noise output as shown in the System Diagram. 

SHELL BURST AND TANK EXPLOSION SOUNDS 
Shall buret sounds Bre produced when a ahell reaches the end of 
its range or hits a barrier. Tank explosion sounds arc produced 
when a tank hits a mine or Is struck by a ahell. These sounds are 
generated by filtering the hit output which is an open drain FET to 
Vn end using the filtered output to gate the noise output. A typical 
circuit is shown in the System Diagram. 
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GtMlNI Programmable Game Set 

FEATURES 

s User game design capability 
s up tc eight player operation 

■ Up to eight moving screen objects controlled by user 
H 64 se actable moving objects 
s Up to 240 selectable background objects 
a 64 text symbols 
n Movable background field 
B Six colors plus black and white 


DESCRIPTION 

The GlMlNI Cassette Programmable Game Set is a multicnip set 
which can accept different program chips, programmed by the 
user to provide an unlimited number of games including 
aggression games, ball and paddle games, gambling games, 
racing games, etc The set consists of a CP1610 microprocessor. 
20K ROM game program cnips, a stanoard television interface 
chip and a 16K ROM graphics storage cnip. In addition the user 
will have to provide five 256*4 bit RAM circuits. 

The games can accept up to eight player inputs, and the set is 
designed for operation in color or black and white with standard 
domestic television receivers. 


SYSTEM COMPONENTS 

CP1610 Microprocessor: The CP1610 is a variant of the General 
Instrument CP1600 microprocessor and is designed tor gamg ; 
operation, The chip is a 16 bit utilizing eight general purpose 
registers for fast and efficient processing of ali game data. The ■ 
processor operates only when picture data is not being pre . 
sented ana controls me addresses in both the program 20K Rom 
and the scratchoad memory according to the game rules 
20K ROM (RO-3-20430): The program ROM is organized as 2040 
«10 bit and contains all game rules. Because the set is organized 
on a aata bus principle, additional ROM for more complex games 
may be added, or RCM may be interchanged to provide a user 
selectab le game format. The unit also stores all symbol locations, 
color and velocity and direction data 
RAM: Up to five (5) 256 * 4 bit RAMS are required in the system. 
These are standard units witn a 320 nanosecond access time 
STIC (AY-3-B9Q0/BS00-1): The SHC (Standard Television 
Interface Chip) provides the video signals inducing sync and 
blanking in a non-interlaced pattern for the tv deriving its output 
from graphics data specified by the microprocessor and 
obtained from the graphics ROM The unit is 1 jnctionai only 
during picture time and obtains new graphics data between 
picture lines. The video output will consist of the sixcolors, hlacK, 
whita, sync, blanking and color burst In addition, the STIC will 
provide an audio output signal for most game sounds 
Graphics ROM (RO-3-9316A) Trie 16K graphics ROM will 
contain a series 8 * 8 dot matrices for a large variety of game 
symbols; composite background sections to complete field 
outlines and 64 alpna-numeric characters Special graphic 
symbols may be specified by ihe user for inclusion in custom 
processors 




system block diagram 


, sY5 TEM DESCRIPTION 

,■ irl PrpgrammaD'a Gamu Sot persists ci three major sub 
TIW e ,. e) e, to the System Block D agram) 
s r S ' S Y „Vl.o»IPt«»»'“™"“ n 9 0 ' : 

’’ {■> <FC-3-!.M80i 

Randoth^oceis memory consisting ol: 

(j) 256-12 bl- wcids 
' 256 - 8 bit words 

•r.. nrnchlco processor consisting of: 

3 ' m STIC Standard Television Interface Ch.o 
, AY -3-8S00/a9OO-1) 

... LjnhiCS ROM (RO-3-9316A) 

e , nocessot. via Ihe system ,emetic POM, executes a 
The rTm uemg a specific area of PAM for variables and a 
f» ed P ;°a?ea7o? graphics instructions The graphics instruction 
se eond . the g ra pTics processor. 

is co lhe ccmm0n RAM area, letches 

The graphics^ decodB 3 i, and letches Item the graphics ROM 
,Q be displayed and displays it on the screen a, the 
required position 


typical operation 

1. System on. 

2. current game library displayed. (Automaticswitch or routine 

ROM orogrammed). 

3 . user presses select input. (Host drocesso- seeking external 
branch.) 

4 . |f game has su bset selechon,,.e.. * .2.3 or 4 player mooes, new 
library displayed) 

5 The host processor computes the start-game-picture 
' instructions end writes to common RAM; n also compu es 
the start condition ot variables involved in ths . s,r ‘^Y °< ,he 
gams or motion constants. This setup could m some games 
ake several picture trsmas. Therefore, tit. TV pucture . 
presented as a single color wash. (This may be substituted 
with a kalidoscopo effect It the time for set up is more then 
one second.) 

6 . When the host processor gives control to Ihe 9™P hl “P 1 *- 
oessur, the first TV picture will be drawn using the Mew "9 
sequence ol events. The first two lines betore 
picture, up to 40 - 8 bit words will be fetched. This Includes 
the following data: 

(a) the individual x and y coordinates of the top left hano 
corner ot 8 moving objects, their location in graphics 
library, their color, visibility, and orientation (facing, lert. 
right, up and down), 

(b) border color; 

(c) background color, 

(d) background offset In x, y tram the top left nano corner ot 
the active picture. 

7. At the end ol Ihe last two lines before the active picture,«» 
first 8 horizontal points ol each ol the eight moving ob|ects 
will be (etched Irom the graphics ROM and loaded into the 
scratch pad In the graphics processor 


avahab^e tothThos. processor tor decoding otthe 'gjg 

^iot’K 

can beTnoreased by the host proeessor on a frame steal,ng 

Tima Slot 2: Aotive-oicture-time consisting of45us o< each 63,5 
US line foM92 lines. 

Time Slot 3- A time slightly greater than the Ime-blantong-time. 
Xs. which ,s used by the graohics processor tor processing 
the moving object data, 

Time Slot 4: Consisting ol the last two lines before tne active 
picture when the graphics processor letches the Instructions 
from RAM of oil Ihe nexl-moving-object data into its interna 
scratch oad area 

Tlmp s . nt s . The first 1WO tinea etter the aetivo picture wnen tne 
interaction data and the picture status ,s available -or the host 
processor. 


8 The graphics processor will then begin the active picture 
subroutine "draw card" - move. At this time, begmhlng at 
address '000' in tne 12 bit RAM area, each RAM address is 
fetched in sequence (20 per line). (Each address contains a 
secondary address lor the graphics ROM plus an 'hsiruotton 
on how to use Ihe data contained initial adcressLEac 2 
consective RAM location ate re-addressed on 16 hnes In 
each picture frame. This results in the picture requiring only 
2 4 0 words to describe the entire screen (in RAM) * h '* “ s a ™ 
the graphics ROM to detail the point by point data.' ,n any 
one of the 240 “background card locations 
9 , ai the end of eacn active p.cturo line the next required, 
picture dots o» the moving objects are fetched from ROM and 
loaded to the graphics processor scratch cad 
,0. Cards and moving objects ano output s.multaneously-byrtne 
graphics processor. II, however, there is a conllict moving 
objects have ptiorlty-wrlte. This feature Is the has,s of 
interaction recording, i.e„ object coincidence indicates an 
interaction to be decoded by the host processor. 

t, By the end ot the picture, ail interaction P“ ssi »!' i “ 8 ln w r ° [ U ” 
have been recorded. The graphics mstructin detector can 
record all ol the 67,108,869 possible moving oOiect 

btteractlons. Additlcoal,,, there ate 16.384.«£■ >^Ing 
objects can interact with the background oojects These are 
also recorded. 

The interaction structure -s such that either shape,«°h 
vertical position, hotizontal position, or ngh. angle position 
interaction can be detected and acted upon. 

12 The noth procassor regains control ot tne end ot the active 
picture and recomputes the outcome of the Iasi action and 
whit new action,a requited due to the plow, W™'*™ 
and change in the user controls, 
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on 17ormofe. (b) draws are standoffsand bets are not won or 
lost, (c) cards are dealt from a tour deck “shoe" and (d) Black 
Jack pays 3 to 2. 

Completion of bet entry oy the players initiate the deal which 
consists of two cards being dealt face up to the players and one 
face up and ono face down to the "house" The symbol h, asking 
if the player desires a hit, or the symbol 0 fordo uble are shown on 
the screen I n the position previously occu pied by the S Symbol. D 
only appears if (heplayerhasa 10 or 11 showing. H the first player 
wishes to double, he depresses his yes Dutton when D symbol 
appears. A single card is then dealt and the next player or banx 
completes his draw sequence Depression of the no outton 
causes the H symbol with a question mark to be displayed. One 
card will be dealt on each depression of the yes button until 
either: (1) Five cards have been drawn, (2) The player depresses 
the no button, or(3) More than 2i points have been drawn. At that 
time play is turned over to the second player, if any, who repeats 
the player one sequence 

When the players nave drawn their final cards, the "house" 
competes its draw. Should the house have 16 or fewer points, it 
will always draw an additional card. A count of 17 or more by the 
"house" wit' complete the draw and cause an evaluation of the 
hands. 


The game encs on depression o^ Ihe game reset button. 



Black Jack n player) 


f 

5 

1 
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Draw Poker (2 players) 


The drew poker game is lor one or two players who Olay against 
the house or against each other 

ksssssSss: 

evaluate their hands and raise th p > the 

accomplished by the opening player, that Is th.i one « 

question mark neat to his bet symbol depreBSlng his yes trutto 
A raise of SS Is echieved each depression of Hi* YM_ 
th. desired raise has been reaohed. the "»« **?*"* B ™ 

button and a question mark eppears a t the second player’s be^ 

line. It the second player desires to call or raise, he™ 
yes button once which causes his bet to equal the;«« PW«= 
bet. A *5 raise Is mad. (or eech suooess.ye depress.0i of the yes 
button. Depression of the no button after matchingI °^ na 
raiser is a call. It the second player does not ma,oh a ra ' s “" 
depresses his no button he oonoedes the hand and tbe raise, 
wins no further action. 

The raise and betting continue until one of the players call, 
time, an Indicator moves between the opposing pia^oanj; 
dwelling in each position for,wo seconds. The player*“ 
discard one or more cards, sacretly depress ei V 
when the marker la in position. When the marker hamoved past 
all the cards, the cards are discarded and new cards a e dealUO 
replace the discards. The hands are then equated by theS■ 
and the winning hand is awarded the losers bet, T 
bankroll count wilt then flash. 

When a single player Is playing the game, he 1 u 1 f the a a m e 

alter the shuffle as In Ihe two player game. Ths ob|eot 

is to achieve the best poker hand, and odds are paid on theSS be 


previously described and me hand is evaluated after the new 
ca r ds hava been dealt. 


Hend Value Payout 

Royal Flush $500 

Straight Flush $ 250 

Four of a Kind $125 

Fu'l House $ 40 

Flush 525 


Hand Value P*y° u * 

$20 

Straight $15 

Three of a Kind $10 

Two Pair Even 

One Pair (Jacks or better) 

AH other hands 


|h T ;5! s 1BBB0 

SRRW2 


Draw Poker (i player) 
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Acey/Deucy 

(2 PLAYERS) 

The Acey/Oeucy game is tor one or two playera where the players 
use a combination of skill and luck to maximize their bankrolls. 
Shuffle and bankroll entry are accomplished in the same manner 
as for Black Jack. 

The gamo is played with two cards daalt from a single deck face 
up to each player The object of the game Is to draw a cardwhlch 
is between but hot equal to either of the two cards dealt. 




The war game is a variation of the children's card game and Is 
played with four decks. Each player's dealt five cards face down 
After the deal, an indicator moves sequentially between the two 
rows of cards and the players choose the card to be turned over 
by depression of the yes button as the appropriate card is 
marked. When both playars have selected their cards, the cards 
are shown face up. The player having the higher card wins two 
wins two points and the exposed cards are removed from tha 
screen and replaced with two new face-down cards. In the event 


that both cards match, War, the players select two new cards in 
en attempt to win the trick. The winner in a War situation is 
awarded 12 points and the exposed cards play 8 additional cards 
are removed from the remaining deck. The game ends when all 
208 cards are used. The winning score will then flash. 

When only one person is playing agal nst the game, card selection 
by the player causes both the player's card and the game's card in 
that position to be exposed. 
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Combat Squares 


Tne object of Combat Squares is to maneuver the square into 
such a position that a missile can be launched against the 
opponent’s square. Each hit scores one point end 31 points ends 
the game To further complicate the game, barriers aro placed 
randomly over the playing area to Drovide protection from 
opponent’s missiles and impede the maneuverability of the 
players. The missiles can be directed to follow curved paths as 
they are directed by the turn controls. 

Figures 1 shows a typical playing area 



Racing Squares 

This game requires both players to maneuver thoir squares 
around the course as shown In Figure 2. Each complete circuit of 
the course scores five points. However, if the player is not skillful 
in the driving of his aquare. his opponent scores one point each 
time the player hits the wall. 
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The Shooting Squares game is a target game where the players 
have their squares fixed as shown in Figure 3 and fire their 
missiles at the targets moving overhead. The targets move at 
various speeds and directions requiring constant adjustment of 
time and direction of fire. Thirty one hits by either player ends the 
game. 



I 

| 






Juggle I 

The game combines timing and judgment as tne players launch 
missiles against each other in an attempt to have the missile hita 
wail or obstacle while on the opponent’s half of tne playing area. 
The players have control of the missiles on their side of the 
playing area wh Ich they are able to steer in a rigm or left direction 
with their controllers 

Play begins when both players nave depressed their five buttons 
which launch simultaneous missiles from the player's sauares 
The players then guide the missiles past tne obstacles to the 
opponent's half of the playing area, where the opponent gains 
control of the incoming missile The player must then turn the 
missile to return it to his opponent. Each matcn ends when both 
missiles have collided with fixed objects and the players start a 
new match. The game ends when 31 points have Deen scored by 
either player 









Juggle E 

There la also a single missile version of the Juggle game wnere 
the player who was last scored against, launches the missile 
against his opponent 


Volleyball 


The Volleyball game uses the closed playing area snown above 
The players must hit the ball over the net to the opposing player. 
Failure to hit the ball, or hitting the ball against any wall is 
considered a foul 

The game scoring is identical to the real game in that afoui by the 
server only results in loss of service and a foul made when not 


serving scores a point. 

Ball travel approximates a parabolic patn, and tne distance of 
travel is directly related to the angle of tne hit High angle hits 
result in shorter norizonta' travel than the low angle hits 
A score of 15 points by either player ends the game 




^9-18 High Angle 


Fig.1b Foul 









Hazard 


The Hazard game is one of skill and luck where the object of the 
game Is to keep from hitting the ball Into the goal opening which 
Is in constant and random motion around the boundary area. 
Should the ball go through the moving goal, the player having hit 
the ball Is at fault and loses the point. It is therefore Incumbenton 
the players to anticipate the location of the goal and hit the ball at 


the proper point on the bat to angle the bail so that it will hit a 
boundary. After a goal is made, the ball is next served by the 
player receiving the last point. 

The game ends on a score of 15 points by either player. 








Roadrace 


The Roadrace teats the skill and reaction time of one or two 
players who try to race down a "road” filled with traffic without 
colliding with any of the cars they are passing 
On game reset, the cars start accelerating and passing the slower 
traffic as they accelerate. Steering is control led to the left or right 
by the corresponding motion of the joystick. Acceleration 


continues until one of the vehicles collides with a slower car at 
which time the game and the score is displayed. After five K 
seconds, the score disappears and the race cars resule their £ 
acceleration. !' 

% 

The game endB when either player has nad 15 collisions. £ 


Flg.la On Collision, game stops and number of collisions by 
each player la shown. 


Flg.1 



Barricade 

The object o f Barricade is to «eep a constant velocity track, 
steerable in the vertical or horizontal direction, moving without 
crossing itself or a track made by the opponent Skill and 
strategic playing are required *o r if either player intersects his 
own track or the track of his opponent, the track stops, a new 
track begins at the origin, and a point is scored fo r the opponent 
A score of three for either playe' terminates the game. 








Submarine 

Survival at saa is the objective of the submarine game with the 
surface fleet trying to depth charge the submarine and the sub¬ 
marine trying equally hard to torpedo the surface ships. The 
surface commander has a fleet of cargo and capital ships which 
he must protect with his destroyer. The deslroyers are capable of 
dropping depth charges to stop and destroy the submarine and 
th;s ship can move left and right to fire. The other surface ships 
automatically move across the screen at various speeds to elude 
the sub. Each hit on the submarine counts for two points. 

The submarine commandar moves his submarine left and right at 
the bottom of tha screen. His mission is to destroy cargo and 
capital ships as well as the destroyer. Each hit on a cargo ship 
counts for one point, a capital ship hit counts for two points and a 
destroyer hit, for five points. 

Score are individually displayed and 31 points wins the game. 
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Dogfight 

The Dogfight Game locks two aircraft in aerial combai. The 
planes are controllable in both speed and direction by either one 
or two players whose objective is to destroy the other's aircraft 
with gun fire. Points for shooting down the other player aretalliad 
by an on-screen counter and points are also scored when a 
player is hit by the ring of anticraft fire surrounding the playing 
area. The first player to score 3f is the victor and terminates play. 
When only one player is using the game, the other aircraft flies 
continuously with it's gun firing. The player must carefully 
approach the aircraft and shoot it down without being hit himself. 
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NIOSFET TRANSISTORS 


MEM5S7 


N-CHANNEL 

DEPLETION 

MODE 


MEM636 


MEM6S5 


MEM670 


MEM680 


TYPE 

NUMBER 

NUMBER 


MEM806 

4C-2 

P-CHANNEL 

ENHANCEMENT 

MEM807 

4C-4 

MODE 

MEM817 

4C-6 


3N183 

4C-7 


MEM55QC 

4C-10 

DUAL P-CHANNEL 

MEM551C 

4C-10 

ENHANCEMENT 

MODE 

MEM954 

4C-12 


MEM955 

4C-12 


c 

ELECTOQN10S 







mm 806A 


P-Channel Emhaneemerst ft/Sod© ^OSFETS 


FEATURES 


APPLICATIONS 


• High breakdown voltage 

® Low input and drain to gate 
capacitance 

« High "oft" resistance 

• Very high ratio of "off" to “on” 
resistance 

® Normally off and zero offset 
voltage 


• Low level chopper 
application 

• Low level detector 

* Sample and hold Circuit 
0 Analog switching 

* Multiplexers 

® Operational amplifiers 


MAXIMUM RATINGS {T A = 25°C, unless otherwise specified) 
MEM 806/MEM 806A 


Drain to Source Voltage .-40V 

Drain to Gate Voltage.. . -40V 

Gate to Source Voltage . -40V 

Transient Gate to Source Voltage . =125V 

Storage Temperature . , ~65°C to -*-150*C 

Operating Temperature -65*C to -*-150*C 

Total Dissipation at 

25°C Case Temperature .SOOmW 

Total Dissipation at 

25*0 Ambient Temperature .300mW 


ELECTRICAL CHARACTERISTICS 

(Ta = 25°C, unless otherwise specified — body grounded) 



MEMSQS 

MEM 

SOSA 

_ 

SYMBOL 

CHARACTERISTIC 

MIN. 

MAX, 

MIN. 

MAX. 

UNITS 

CONDITIONS 

V«,*i 

Gate Source Cutoff Voltage 

-2.0 

—5.S 

-2.0 

-3.5 

Voits 

V 0 i = Vo, 

Ib=10mA 

V„ a OV 

Ion 

Drain Leakage Current 


-1.0 


-0.10 

nA 

Vtn = -20V, 

v 6 , =j v, ( - ov 

lui 

Source Leakage Current 


-1.0 


-0.10 

nA 

V» - -20V. 

Veo — V|# == OV 

Ion 

Gate Leakage Current 


-3.0 


-1.0 

pA 

Vh b -20V, 
v«, = v„ = o V 

loirt 

Dram Current 

-5.0 


-5.0 


mA 

Vfti — Voi ” 
-15V 

BVoil 

Drain-Source Breakdown 

-40 


-40 


Volts 

In — — 10 /iA, 

Ves = V.i = OV 

BV101 

Source-Drain Breakdown 

-40 


-40 


Volts 

li = -10 mA, 

Vm = Vm = OV 


Dram (a Source on Resistance 


300 


300 

ohm. 

Vt, ■= —15V, 

Ib = 10O^A 

Y„ 

Transedmittanct 

2000 


2000 


pm nos 

Vos = -20V. 
f=lKHi. 
lot«10mA 

C„ 

Gate to Source Capacitance 


2.0 


20 

pF 

1/0! = —10V, 
lo = 10mA 

c. 

Drain to Source Capacitance 


0.3 


0.3 

PF 

Voi = -10V. 
lo - lOinA 

C* 

Gate to Drain Capacitance 


l.S 


1.5 

PF 

Vm “ —10V. 
lo= 10mA 


1 

] 

n 


TO-72 

208 

IBS. ■ 

r 


.030 

MAX. 

n 

3X0 

. ’’T 0 SEATING 
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.016 
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Note: All dim 
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0 
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hw 

M VIEW 
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TERMINAL DIAGRAM 

Lead 

1. Drain 

2. Gate 

3. Substrate (Case) 

4. Source 

2 



TYPICAL CHARACTERISTIC CURVES 
TRANSFER CHARACTERISTICS 


DRAIN TO SOURCE RESISTANCE vs. GATE VOLTAGE 




FORWARD TRANSCONDUCTANCE vs. DRAIN CURRENT 



TURN-ON CHARACTERISTICS 



4C-2 


4C-3 
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MEM 807 


MEM 807A 


P-Channet Enchancement Mode MOSFETS 


FEATURES 

• High breakdown voltage 

• Low input and gate to drain 
capacitance 

• High drain to source off 
resistance 

• Very high ratio of "off” to "on” 
resistance 

« Normally off with zero gate 
voltage 

“ Zener protective diode 

MAXIMUM RATINGS (T A = 25°C 

Drain to Source Voltage 

Dram to Gate Voltage 

Gate to Source Voltage . .. 

Transient Gate to Source Voltage 

Storage Temperature 

Operating Temperature 

Total Dissipation at 

25°C Case Temperature 

Total Dissipation at 

25°C Ambient Temperature 


ELECTRICAL CHARACTERISTIC 


(T a = 25°C, unless otherwise specified — body grounded) 



_MEM807' 

MEMB07A 


SYMBOL 

CHARACTERISTIC 

MIN. 

MAX. 

MIN. 

MAX 

UNITS 

CONDITIONS 

V„m 

Cate Source Cutoff Voltage 

-2.0 

-5,5 

-2=0 

—5=5 

Volta 

V M = Vpi 

ft = 10 *A 

V„ = OV 

,„n 

Dram Leakage Current 


-1.0 


-0.10 

nA 

V„ = -20V. 

Vs, - V„ = OV 

lui 

Source Leakage Current 


-1.0 


-0.10 

"A 

Vm = -20V, 

V*» - V|, - OV 

lu> 

Cate Leakage Current 


-0.20 


-0.05 

nA 

Vs, = -20V. 

V,i = V« — OV 


Dram Current 

-5.0 


-50 


mA 

V„ - V M - 
-15V 

BV»i! 

Dram-Source Breakdown 

•40 


-40 


Volts 

lo = —10 pA. 

Vs, — Vis = OV 

BV»j 

Source-Dram Breakdown 

-40 


-40 


Volts 

liB-lO/iA. 

Vm — Vis - OV 

BV & » 

Gate to Source Breakoown 

■40 


-40 


Volts 

Is = -10 (/A. 

V,i = Vn •=• OV 

Ro,^, 

Drain to Source on Resistance 


300 


300 

ohms 

Vs, — “ 15V, 








lo = 100 /,A 

Y„ 

Transadmittance 

2000 


2000 


jimhos 

Vm = -20V 








f = IKHx. 








i« - 10mA 

c. 

Gate to Source Cepecitanee 


2.0 


2.0 

pF 

V« = -10V, 








I»= 10m4 

C* 

Drain to Source Capacitance 


0,3 


0.3 

pF 

V», = -10V. 








It = 10mA 

c„ 

Gate to Drain Capacitance 


1.5 


1.5 

PF 

Vti = “10V. 








It = 10mA 


4C-4 


, unless otherwise specified) 
MEM 807/MEM 807A 
-40V 

. -40V 

.-40V 

—125V 

-65*C to +150“C 
—65'C to +150“C 

..600mW 

. 300mW 


APPLICATIONS 

• Low level chopper 
application 

• Analog switching 

• Semple and hold circuit 

• Multiplexers 

• Audio amplifier 

• Operational amplifiers 

















P-Channel Enhancement Mode MOSFET 


FEATURES 

© High breakdown voltage 
© Low inpul and drain to gate capacitance 
« High “oft" resistance 
a Very high ratio of ' off*' to "on" resistance 
o Normally off and 2 ero offset voltage 


APPLICATIONS 

® low level chopper application 
® low level detector 
• Sample and hold circuit 
» Analog switcnlng 
» Multiplexers 
® Operational amplifiers 
® Smoke Detector 


MAXIMUM RATINGS 

D»am to Source Voltage . 4S ' / 

Dram to Gale Vo'tage. . 45 V 

Gale to Source Vo-tage.—..*?00V 

Storage Tunperalwe ...50°C to *.50°C 

Operating Temoeratu-'e... 50®C io 125X 

Total Dissicat on a! 25'C Case Temperature.aOOmW 

Total Dtssical.jn at 25°C Ambient Temperature..22SmW 


ELECTRICAL CHARACTERISTICS Body Connected To Source. 


SYMBOL 

CHARACTERISTICS 

CONDITIONS 

MIN | 

TYP | 

MAX 

UNITS 

V GS <IH) 

G3ie-lo-Sou.ee 

Threshold Voltage 

Vqs ” “20V. Igs » —TQjtA 

-2.6 

■* 

-5.5 

V 

OSS 

Drain Leah ape 

Current 

V DS --20V.V GS = OV 

“ 

- 


nA 

l SDS 

Source Leaxagt 

V 5D = -ZOV,V eeo -OV 

- 

... 


nA 

Current 






l G$S 

Gate Leakage 

Current 

V„--25V.V ds -QV 

_ 

~ 

-1 

pA 

BV 0SS 

Drain Breakdown 

Voltage 

l 0S ” _1 0/iA, V G g « -QV 

-35 

—45 

“ 


BYqox 

Gate, 

Ok.de Breakdown Voltage 

% = 0V 

±200 

±225 


V 

l 7(frr 

Dram Current 

% = vps--’0v 

-3 

-12 

“ 

mA 

"o ton. 

Drain-to-Source 
on resistance 

Vqs ” “T 5V, !qs «■ -1mA 

“ 

” 



Y|j 

forward T.ansadmiltance 

V G S“V 0 <,--IOV 

toco 

2000 

- 

umhos 

C;, s 

Total Gate 

Input Capacitance 

V QS "Vos - ~'0V 

1MH2 

- 

3.5 

2.5 

6 

pr 

PF 

C M* 

Total Drain 

Output Capacitance 

Mr-’ 1 " 

■ 

5 

C. S5 

Reverse Tran6le' 

Capacitance 

ysTulsr”"' 

“ 

V2 


pf 

A os 

Voltage Gain 

As Source Follower 

Vos — — 15V. R ~ 10 K (Source) 
Rlfrom gale to ground' =■ 


0.8 


- 


10 9 ohms 







TO-72 



Bottom View 
Nets: Ail dlmensfoiu In inctiei 


TERMINAL DIAGRAM 

Lead 

1. Drain 

2. Gate 

3. Substrate (Case) 

4. Source 


2 
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p-ChanneS Enhancement Mode MOSFETS 

FEATURES 

• One Watt Power Dissipation 
■ Low Drain-Source “ON” Resistance 
„ io’ 0 Ohms Input Resistance 
p Integrated Zener Protects the Gate 
B Normally “OFF” with Zero Gate Voltage 
a Square Law Transfer Characteristics 
0 High Ratio of “OFF” to “ON” Resistance 


applications 

a Designed Primarily for Medium Power 
Switching and Chopper Applications 

■ Series and Shunt Choppers 

■ Analog Switch 

■ Multiplexers 

■ Low Impedance Device Driver 


MAXIMUM RATINGS (Ta = 25°C, unless otherwise specified) 


I 

, 

If 

i'l 

,OSO 

MAX 

1__ 

TO-72 

.208 

195 

r^T 

^CAN 

210 

•‘T° 3EA7I40 

HEADER-^ JA 

,016 

.ioo\y" a 

fcrik .1 

i -j" 

so, 

JjLy ,04a 

IS foze 

45*^. 

BOTT 
Nets: All dim 

tsr 

DM VIEW 
enslons In inches. 


TERMINAL DIAGRAM 





3N181 

3N182 

3N183 

Lead 

Drain-Source Voltage 

-30V 

-30V 

-25V 

1. Drain 

Drain—Gate Voltage 

-30V 

-30V 

-25V 

2. Gate 

Current (Forward 
Direction for Zener 
Clamp) 

Date Current (Reverse 

0.1mA 

0.1mA 

0.1mA 

3. Substrate (Case) 

4. Source 

1.0mA 

1.0mA 

1.0mA 

2 

Ctemp) 

Drain Current 

100mA 

100mA 

100mA 


Storage Temperature 

-65°C to +200°C 

—65°C to +200°C 

-G5°Cto -f200°C 

Operating Temperature 

~65°C to -L150°C 

—65°C to + 150°C 

—65°C to +150°C 

1 i irf 

5S! dissipation at 
*7 c Case Temp. 

1.0W 

1.0W 

l.OW 

ypzry 

ZS& Dissipation at 

C Ambient Temp. 

300mW 

300mW 

300mW 

4 

Derat mg F actor 

2.4mW/°C 

2.4mW/°C 

2,4mW/°C 






4C-6 


4C-7 






ELECTRICAL CHARACTERISTICS (T A e 25°C, unless otherwise specified — body grounded) 




3N1S1 

3N182 

3NIS3 



SYMBOL 

DC CHARACTERISTICS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

CONDITIONS 

Vsi|fH| 

Threshold Voltege 

3.0 

4.0 

2.5 

5.0 

2.0 

6.0 

Volts 

Vom -10V. lo= — 10>iA 


Drain Leakage Current 

— 

0.5 

— 

2.5 

— 

10.0 

nA 

V* = -20V, V« = OV 


Drain Leakage Current 

— 

10,0 

— 

15.0 

— 

25.0 


V B t = -20V, V 6 , = OV, T a = 150 a C 


Source Leekage Current 

— 

1.0 

— 

5.0 

— 

10.0 

nA 

Vk, = -20V, Vmi --= DV 


Gate Forward Current 

— 

250 

— 

500 

— 

1000 

PA 

Vat *= -20V, Vot = OV 


Gate Forward Current 

— 

5.0 

— 

10.0 

— 

25.0 


V« = -20V, Vos = OV, T a = 150°C 

BVqu 

Drain Breakdown Voltage 

30 

— 

30 

— 

25 

— 

Volts 

!»*= -lOftA, V 6 ,= OV 

BVios 

Source Breakdown Voltage 

30 

— 

30 

— 

25 

— 

Volts 

It =«= -10M. Vwi v= OV 

Vest 

Gate to Source Forward 
Voltage 

30 

_ 

30 

_ 

25 

_ 

Volts 

la = -lOpA, Vos-OV 

Idiom; 

Dram Current 

40 

— 

40 

— 

25 

— 

mA 

V 01 = V«= -15V 

Ration) 

Drain-Source on Resistance 

— 

45 

— 

60 

— 

75 

Ohms 

v«=s -15V, Vw = OV, Id = O.lmA 

Vfll(OM) 

Drain-Source on Voltage 

— 

225 

— 

300 

— 

375 

mV 

V®» -20V, l 0 0.5mA 



3N181 

3N182 

3N183 


SYMBOL 

AC CHARACTERISTICS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

CONDmONS 

Y., 

Forward Transadmittance 

8000 

. — 

8000 

—- i 

8000 

— 

A mhos 

V« « -15V, U = 25mA, f - 1kHz 

C,„ 

Input Capacitance j 

— 

25 

— 

25 , 

— 

30 

PF 

Vos = -15V, Vot = OV, f 1MHz 

C«, I 

Drain to Source Capacitance ' 

— 

0.05 

— 

0.075 

— 

0.1 

PF 

Vas «= -15V, V« - OV. f * 1MHz 

c,- 

Gate to Drain Capacitance 

— 

8.0 

— | 

10 

— 

12 

PF 

Vat = OV, Vet = OV, f =s IMHZ 


Turn-On Delay Time 

— 

30 

— 

35 

— 

40 

ns 

) 

t, 

Rise Time 


30 

— 

35 

— 

40 

ns 

l Ri = R, - 3.7K Ohms 


Turn-Off Delay Time 

— j 

50 

— 

55 

— 

55 

ns 

J See Circuit Diagram Below 

tt 

Fall Time 


180 

— 

180 | 

— 

180 

ns 
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SWITCHING CIRCUIT FOR P-CHANNEL ENHANCEMENT 


*t * tf 5S lOftS K 
P.tt. * lOjiS 
DUTY CYCLE i£2% 
GENERATOR SOURCE 
6 IMPEDANCE • 50 n 



~~=\ f 


0SCIU.OSC0PE 
1r £ (0*iS 
Rln a I0 7 A 
Cln S Z.SpF 


- 

— +<J ON —i p- 

Vf" n f ! 

♦4 OFF^ 



10%-1 

. 90% - 4 

T \ 



DRAIN (OR SOURCE) CURRENT vs TEMPERATURE 



V D» 

= 




= 4 = 

e= 

r 


— 

— 

== 

— 

_ 


— 


n 

—i— 

1=1 

— 

— 


% 

L-, 


—f- 


m 

5 

lT. 

7“ 





1 

- 

= 

— 

g 


«= 


H 

32 


at 




= 

— 

— 



m 

s 

m 

m 


3 


— 


— 

— 

_ 


1 



m 

22 

m 

— 

— 

— 

-L 





— 



□ 


... 

— 


— 


— 

b A 






d 

— 

....... 

— 


— 


— 




—1— 

rr 

— 

— 

— 

j- 

IpT 

— 



5 

_i_ 

tz 

s 


— 

-J 


fwi 



YEMPtPATWRE «C 


SERIES CHOPPER 
(or MULTIPLEX CELL) 


SHUNT CHOPPER 




RANGE OF TYPICAL VALUES 

V M . 

0 to -25VSquare Wave 20Hz to 100kHz 

Vw 

1°0V® DC. SW»I 

VoilT 

Chopped Output 

Rt 

1KR to lMti 

Rmx 

50fi to 1MR 

R. 

lOKnto iowd 

Ri 

IK to 1MI1 


CHARACTERISTIC CURVE 

V os (VOLTS) 



DRAIN CURRENT ve 
DRAIN-TO-SOURCE VOLTAGE 



-ZOO -100 






















IhI MEM 954 Series 

l„ 8 : a tlS MEM 955 Series 


Dual P-Channei Enhancement Mode MOSFETS 

FEATURES 

a Normally off with zero gale voltage 
a Square law transfer characteristics 
a Tight Vgs match 

& Low temperature coefficient of A Vqs 
o Specified for audio noise 
b Low leakage currents 
b 1 0 15 OHMS input resistance (MEM 955 Series) 

E 10 ,J OHMS input resistance (MEM 954 Series) 
b integrated zener clamp protects the gate (MEM 954 Series) 

APPLICATIONS 

Very high input impedance amplifiers 

Series and shunt choppers 

Operational amplifiers 

Smoke detectors 

Cryogenic amplifiers 

Multiplexers 

Analog switches 

MAXIMUM RATINGS (T A = 25°C, unless otherwise specified) 


Dram to source voltage.-35V 

Source to drain voltage...-35V 

Gate to source voltage. ..-40V 

Gate to drain voltage .-.-40V 

Gate current.....+0.T mA 

(Fwd. direction f or zener clamp) (MEM 954 Series) 

Drain current.-50 mA each side 

Storage temperature.-50° C to *150°C 

Operating junction temperature.-50°C to +125°G 

Total dissipation at 25°C case temperature .300 mW each side 

Total dissipation at 25°C ambient temperature.112 mW each side 


fLECTSICAL CHARACTERISTICS <T„ - 25'C. unless olderwise specified 


— body grounded) 



Sottom view of 8 lead header 
Note: All dimensions in inches 


TERMINAL DIAGRAM 

Lead 

1 Drain 1 

2. Source 1 

3. Gate 1 

4. Substrate (Body) 

5. Gate 2 

6. Source 2 
7 Drain 2 
8. Open 




Characteristics 

MEM 

Mm. 

Typ- 

Max 

Units 

Tost Conditions 


Oram-Source Breakdown 


-35 



V 

V ;s =0V V K -0V i d =-10jxA 


Source-Dram Breakdown 


-35 



V 

V- 0 =OV V^OV | 0 » -10^,A 


Gate-Source Breakdown 


-40 



V 

V os -V B =OV [ S =-10^A 

tfssirw 

Gate-Source Threshold 

Voltage 


-2.0 

-3.5 

-50 

V 

v 05 -v 0s . !n=-!0AtA 

Rkwni 

Drain To Source 

On Resistance 

954 Series 

955 Series 


100 

150 

n 

Vos-" 15V v es=0V 

V-=0 1 mA 

Y-s 

Forward 

Transadmittance 


700 

1400 


„mn„ 

Vos— — 10V i 0 —500p.A 

v BS - 0 v. 1=10 kHz 

Yis|/Y|S2 

Iransadmitiance 

Ratio 


0.9 


l.t 

- 

Vqs— — 10V i o -500p.A 

V B5 =0V. ' = 1.0 kHz 

E„, 

Equivalent Input 

Noise Voltage 




700 

nV 

VhT 

Vcs--l°V i d =500/xA 

V 8S =0V f=100Hz, BW=lHz 


Equivalent Input 

Noise Voltage 




175 

nV 

V as =-10V. D =500p.A, 

V E5 =0V, f= 1,0 KHz. BW =1 Hz 


Oram Leakage Current 

954,954A, 955.955A 


08 

1.0 

nA 

V K = -20V V ES =V BS =0V 


954B, 955B 


.05 

30 



954.954A. 955.955A 


08 

1.0 


Vso= —20V, VVprj=OV 



954B, 955B 


05 

30 

nA 



954 


03 

30 

•iA 

v„—20V. V K «* D ,=0* 


Gate Leakage Current 

954A, 954B 


03 

10 

•css 

955, 955A 


02 

20 

PA 

V ES =-40V. V bs =V D3 =0V 



955B 


02 

1.0 



954. 95b 



75 


V ds -10Y I^OOpA 
v es =ov 

|W V G2S | 

Gate Voltage 

954A, 955A 



25 

mV 


954B, 955B 



10 





954,95b 



150 


V K =-10V l-)=500jxA, 

V BS =0V 

^cis'Ycjs £ 

AT 

Differential 

Temp Coeff 

T t =25°C. 100°C 

954A, 955A 



50 



954B. 955B 



25 

_ 



















MEM 562C 


N-ChanneS Enhancement Mode MOSFETS 

FEATURES 

« 10” ohms input resistance 
« Normally off with zero gate voltage 

• Square Law transfer characteristics 
« Low insertion loss 

* Low input and output capacitance 


APPLICATIONS 

" Logic circuits 

• Switches 

• Choppers 

• Multiplexers 

« Audio/RF Amplifier, Oscillators 
® Operational Amplifiers 


MAXIMUM RATINGS MEM 562 

(Ta = 25°C unless otherwise specified) 


Drain to Source Voltage 
Gate to Source Voltage 
Gate to Drain Voltage 
Drain Currentl a 
Storage Temperature 
Operating Junction Temperature .. 
Total Dissipation 

@ 25°C Ambient Temperature 
@ 25°C Case Temperature 
Derate Linearly From. 


+20 Volts 
±10 Voits 
±30 Volts 

.Limited by Dissipation 
~65 to 15Q°C 
-65 to 125°C 

225mW 

650mW 

. T. = 25°C to 125°C 
@ 2.25mW/°C 
T, = 25°C to 125°C 
@ 6.5mW/°C 


MEM 562C 


+20 Volts 
±10 Volts 
±30 Volts 

Limited by Dissipation 
-50 to 125°C 
-50 to 100°C 

175 mW 
500 mW 


ELECTRICAL CHARACTERISTICS 

(T A = 25°C. unless otherwise specified — body grounded) 




MEM 56Z 

MEM 562C j 



Synbot 

Characteristic 

; Min 

Typ 

Mai ! 

Min 

Typ 

Mai 

tin in 

CumJIfinnt 

Vsn~i 

Gate to Source 
Threshold Voltage 

o.so 

1.5 

4.0 | 

0.50 

1.5 

4.0 

V 

V« = Vc In - •‘•10m A 

Lit 

Drain leakage Current 

- 

- 

10 1 

- 

- 

10 

cA 

V„ = -+-10V. V«J = ov 

few 

Gate Leakage Current 

- 

— 

ID 

- 

— 

too 

PA 

Y« =■ — 10V- Vot - ov 

BVon 

lOrain Breakdown 
Voltage 

20 


- 

20 


- 

V 

l c < - 10 A Vet = ov 

Rpuon. 

Dram lo Source 
pa Resistance 


150 

300 

- 

150 

350 

ohm* 

Voir* + 10V. lo= 0,1mA 

liWi 

Drain Current 

5 

15 


5.0 

15 

- 

mA 

| V=. - V,. •= — 10V 

Y.. 

Transadmiilance 

1000 


; - 

1000 

- 



:Vr>. - -10V. 1„ = 3mA. f = UHi 

C„ 

Total Gate Input , 

Capacitance 


3.0 

4.0 

- 

3.0 

5.0 1 

PF 

V« 0V. V» = -10V. ( = 1 MHr 

c... 

[Total Drain Output 
Capacitance 

- 

3.0 

4.0 

- 

3.0 

5.0 

P e 

Vr.> = 0V. V S | = "-lOV. f “ 1 MHz 

c* 

Gate to Oram 
Capadfance 

- 

03 

0.5 

- 

0.3 

0.6 

P f 

V», = 0V, V„ = 0V. l — l MHz 

t„ 

Turnon Delay Time 

- 

— 

45 

- 

- 

55 

nS : 

See figure 1 

t, 

Rue Time 


- 

65 

- 

— 

75 

nS 

See Figure 1 

fern ; 

[Turnoff Time 


- 

160 

- 

- 

170 

nS 

See Figure 1 



TO-72 



Note: All dimensions in inches. 


TERMINAL DIAGRAM 
LEAD 

1. Source 

2. Gate 

3. Drain 

4. Substrate, case 




4C-14 


4C-16 













N-ChanneS Enhancement Mode MOSFET 


FEATURES 

• Monolithic Gate Protection Diode 
® Low Feed-Through Capacitance 
a Low ON Resistance 

• Normally OFF with Zero Gate Drive 


APPLICATIONS 

® High Speed Analog Switches 
® Linear Amplifiers 
® Series-Shunt Choppers 
a Synchronous Detectors 
® Level Shifters 
® High Input Impedance Buffers 


DESCRIPTION 

The MEM 71i is an N-channel, Enhancement Mode, Metal Oxide Semiconduc¬ 
tor Field Effect Transistor, protected from excessive input voltages by a 
monolithic zener diode between gate and substrate. This MOSFET features a 
low threshold limit of 1.5 volts making possible direct drive from low voltage 
TTL logic levels. The low ON resistance and low feed-through capacitance 
make the MEM 711 ideally suited lor high speed analog switching, 


MAXIMUM RATINGS (T A = 25°C, unless otherwise specified) 

Dram to Source Voltage .. V os .25 Volts 

Gate to Source Voltage. V GS .30 Volts 

Gate to'Drain Voltage.V<s 0 .30Volts 

Storage Temperature. ...—65 to 150°C 

Operating Junction Temperature . .—65 to 150°C 

Total Dissipation @ 25°C Ambient Temperature.225 mW 

@ 25*0 Case Temperature .... . 650 mW 




4C-16 



4C-17 
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3N175 3N176 3N177 


N~Chann@l Enhancement Mode MOSFETS 


FEATURES 

* Low Threshold Voltage 

■ Low Input and Gate to Drain 
Capacitance 

■ 10 ia Ohms input Resistance 

■ Normally '‘OFF” with Zero Gate Voltage 
a Square Law Transfer Characteristics 

■ High Ratio of "OFF” to "ON" Resistance 


APPLICATIONS 

H Designed Primarily for Low Power 
Switching and Chopper Applications 

■ Complementary to P-Channel 
Enhancement MTOS 

* Series and Shunt Choppers 

■ Analog Switch 
a Multiplexers 

■ Audio Amplifier 

o Operational Amplifiers 


MAXIMUM RATINGS (T A = 25°C unless otherwise specified) 



3N175 

3N176 

3N177 

Drain—Source Voltage 
Drain—Gate Voltage 
Forward Gate- 
Source Voltage 
Reverse Gate— 

+30V 

+30V 

+35V 

-35V 

+25V 

+25V 

+30V 

-30V 

+20V 

4-20V 

4-20V 

—20V 

Source Voltage 

Drain Current 

50mA 

50mA 

50mA 

Storage Temperature 

—65°C to +200° C 

—65°C to +200°C 

—65°C to +200°C 

Operating Temperature 

—65°C to + 150°C 

—65°C to +150°C 

—65°C to +150 g C 

Total Dissipation at 
25°C Case Temp. 

650mW 

650mW 

650mW 

Total Dissipation at 
25°C Ambient Temp. 

225mW 

225mW 

225mW 

Derating Factor 

1.8mW/°C 

1.8mW/°C 

1.8mW/°C 



TO-72 



Kote: All dimensions In Inches. 


TERMINAL DIAGRAM 


LEAD 

1. Source 

2. Gate 

3. Drain 

4. Bulk (Case) 



gt,eCTR !CAL CHARACTERISTICS (T A = 25°C. unless otherwise specified - 




loss 

loiOMl 

RpIpNI 

Vtfl«" 

BVok 

BVtfi 


DC CHARACTERISTICS 

Threshold Voltage 
Drain Leakage Current 
Drain Leakage Current 
Source Leakage Current 

Gate Leakage Current 


Gate Forward Current 

Dram Current 
Drain-Source on Resistance 
Drain-Source on Voltage 
Drain Breakdown Voltage 
Source Breakdown Voltage 


1 3N175 I 

3N176 1 

3N177 1 



MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

CONDITIONS 

1,0 

2.0 

1.0 

2.5 

1.0 

; 3.5 

Volts 

V D s = 10V, lo= -4-lOi.A 


5.0 

_ 

10 

_ 

| 25 

nA 

Vds ^ +10V, Vss — ov 


15 

_ 

15 

_ 

25 

xiA 

V« = +10V, V« = ov. T* = 150°C 

- 

10 

— 

20 

— 

50 

nA 

Vso =* +10V. Vw»= OV 

1 3N175 V„«i-35V 

— 

200 

— ! 

200 


200 

pA 

{ 3N176 V„, « + 30V V D , OV 

I 3N177 V,. = £20V 
(3N175 V„-= +35V 

— | 

100 

— 

500 

— 

1000 

nA 

13N176 V„ +30V V B t — OV. T* = 150 B C 
l3N177 V*= +20V 

20 ' 

— 

15 

— 

10 

— 

rnA 

Vds = V« = i-10V 

_ 

200 

.—, 

300 

— 

500 

Ohms 

Vos = + 10V, Vu =» 0, Id = 0.1mA 

_ 

440 

— 

660 

—• 

1100 

mV 

Vs» =■ 10V, Id = 2.2mA 

35 

_ 

30 

— 

1 20 

— 

Volts 

| B = + 10„A. Vcc = OV 

35 

— 

30 

— 

| 20- 

— 

Volts 

It = 4-lOuA, Vgsi = OV 


! 

3N!75 1 

3N176 1 

3NI77 | 


symbol! 

AC CHARACTERISTICS 

MIN 

max] 

MIN 

MAX 

MIN 

MAX 

UNITS 

CONDITIONS 

-ffEPPP'-i 

1 

Forward Transadmittance 
Input Capacitance 

Drain to Source 

Gate to Drain Capacitance 

Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 

1200 

5.0 

0.1 

0.5 

25 

30 

50 

150 

1000 

1 5.0 
0.25 

0.5 

30 

35 

55 

150 

700 

7.0 

0.5 

0.75 

35 

40 

60 

150 

pmhos 

PF 

pF 

pF 

ns i 

ns 

ns 

ns 

Vos - +15V, lo = 2mA, f = 1kHz 

Vdi = +15V. V« — OV, f = 1MHz 

Vdi = 15V, V« = OV, f = 1MHz 

Vdj s= OV, V 3 j s OV. f = 1MHz 

1 R, =r R a = 4.5K ohms 
/ See Circuit Diagram Below 


SWITCHING CIRCUIT FOR N-CHANNEL ENHANCEMENT 
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N-Cfoannef Depletion fWSode fVSOSFET 

FEATUHES APPLICATIONS 

® 10' 5 ohms input resistance ® TV Tuners 

• Low 3. rf order distortion • FM Tuners 

• High gain — low nnise through VHF range * IF Amplifiers 

• Low feedback capacitance 0.32 oF typ. • SSB Amplifiers 

» Square law response • Wideband Amplifiers 

o High Frequency Analog Switching 


MAXIMUM RATINGS (T A = 25°C, unless otherwise specified) 


Orain-to-Source voltage, V 0 j 
Gate-to-Source voltage, V«i 
Gate to-Dram voltage. V Bs 
Drain Current, Id 
S torage Temperature 
Operating Junction Temperature 
Total Dissipation at 25°C Case Temperature 
Tota 1 Dissipation at 25°C Ambient Temperature 
at 100°C Ambient Temperature 
Derate Linearly from 10Q G C to 150°C at 3 mW/ e C 


+20V 

±30V 

±30V 

Limited by Dissipation 
— 65 to +I50°C 
-65 to +150°C 
300 mW 
150 fflW 
150 mW 


ELECTRICAL CHARACTERISTICS 

(Ta - 25°C. unless otherwise specified — body grounded) 


Symbol 

----j 

Characteristics 

i 

-1 

Min. 

—.—, 

Typ. 

Max. 

Units 

Conditions 

BVdw 

Breakdown voltege 

20 



V 

Vs, « —4V, Id =-■ lOOtfA 


drain to source ' 

Gate Leakage Current 

_ 

_ 

o.io 

nA 

V M «xlOV 

Id (off! ' 

Dram to Source 

1 

_ 

100 , 

pA 

V«= +I5V,V oi ~ -4.DV 

iox 

Leakage Current 

Zero signal Gate 

3.0 


30 

mA 

V D5 ^ -hl5V, V ol = 0V 

Vo (offl ' 

voltage drain current | 
1 Gate-Source Cutoff 

-0.3 

-2.0 ' 

-4.0 | 

V 

V#«=r +15V. Id — lOO^A 

c,., 

Voltage 

Small-signal, short 


3.0 

5.0 

i 

V 9f =» -J-15V. Id ---■ 10mA*. 

C,,, 

circuit gale No. 1-to- . 

I source capacitance 1 

Small-signal, short 


2.0 


pf 1 

f b= 44 MHz 

V DJ = -j-15V, Id = 10mA’ 

C,„ 

1 circuit ivaitvlo-soufce 
Small-signal, short 


0.32 



(44 MHz 

V D ,.«: -(-15V. Id » 10mA*, 

G-. 

: circuit reverse 
transfer capacitance 

1 Forward Irans- 

i 8000 

1 10000 


,imhos 1 

f -= 1 MH? 

V 05 =. +15V,l»« 10mA* 

Gn. 

conductance 

Power gain lor 

1 5& 

18 

_ 1 

d8 

fc-lkHz 

i V M «+15V,V„*UV t 

NF 

measurements circuits 

Noise Figure* * 


2.b 

4.0 

CB 1 

1 ^ 200 MHz, n, s 270F2 

v 0l « f-15V,Vsv ~ 1.7V, 

r d,|o.i 

Drain to Source 
on resistance 

LjJ 

200 

300 

a 

1 = 200 MHz, P, = 270n 

V« = 0V 

Id — 0.1mA 


*Vgis bias is adjusted for tne required current. 
“Input circuit adjusted <or minimum noise figure. 





onWER GAIN TEST JIG « 20 CMH* FOR 
MEM 557 WITH NEUTRALIZING 


lOOOpF 


i( lOOQpF 


lOOOp! 


C, = 1.5 to 20 Pf Trimmer (Arco Elmenco #400) 


0.9 to 7 Pf Trimmer (Arco-Elmenco *402) 


L. = 5 Turns #22 Wire Va" Dia ' & J /a” Spacing 


L» = 4 Turns #22 Wire Vi" Dia. & Vs’' Spacing 


POWER GAIN vs DRAIN CURRENT 


NOISE FIGURE VS DRAIN CURRENT 





MEM SIS MEM S17 MEM 618 


N-Channel Depletion Mode Dual-Gate MOSFETS 


FEATURES 

0 Monolithic Gate-Protection Diodes 
8 Low Feedback Capacitance 

• High Gain-Low Noise at VHF 

• Reverse AGO Capability 

8 Linear Mixers—Low Cross-Modulation Distortion 

• Dual-Gate Cascade Operation 

APPLICATIONS 

Tv Tuner HF Amplifiers and Mixers 
FM Tuner RF Amnlffiers and Mixers 
IF Amplifiers 
Synchronous Detectors 
Wide Band RF Amplifiers 



DESCRIPTION 

■ ns MEM 616 / MEM 617 t MEM 618 are N-cheiinei, Depletion- 
Morie. Dual-Gate Metai Oxide Semiconductor tranj/siors Tney are 
protected from excessive input voltages oy monolithic back-to-back 
diodes between gates and source. 

The MEM 616 is intended for use n VHF amplifiers. The low feed¬ 
back capacitance permits stadle bign gam without the use of neutraf- 

The MEM 617 -s intended for use in VHF mixers in television tuners 
where minimized Cross-modulation, and inter-modulation distortion 
and low noise operation are required. 

The MEM 61B is intended fo<- use in tuned nigh frequency amplifiers 
such as TV IF. The "Ovv fecdoacn capacitance permits high single 
stage gam and stability without neutralization. 



TERMINAL DIAGRAM 

1. DRAIN 

2. GATE 2 

3. gate i 

4. SOURCE/SUBSTRATE 


maximum 


ratings (T a '« 25°C, unless otherwise specified) 


„hain-s° ubce voltage. Vos. 

„ BA IN-GATE NO. 1 VOLTAGE, V D5 , .. 

°"a,N-GATE no. 5 VOLTAGE, v OG3 .. 
nATE NO. 1-SOURCE VOLTAGE. «G1S 
SeNO s-source voltage, vara 


.'ATE NO. 2—SOURUt vuli™., —. . 

?"a a ns,stoboissipation:-at 2 «::: r::;.:.:. :,Z W K 

. 

Storage temperature range. 


ELECTRICAL CHARACTERISTICS: (T a 


CHARACT ERISTICS _ 

Drain-Source Breakdown Voltage 
Gate 1-Source Breakdown Voltage 
Case 2—Source Breakdown Voltage 
Gate 1-Source Cutoff Voltage 
Gate 2—Source Cutoff Voltego 
Gate 2- Voltage Dram Current 
Gatn 1-Leakage Current 
Gate 2-Leakage Current 
Reverse Transfer Capacitance 

Inout Capacitance 

Du tout Capacitance 

Input Resistance 

Output Resistance 

Magnitude o* FwoTransadmmancel 

Angle of FwdTrensadmittance 

Magnitude ot Rev Transedrriuance 

Angle of Rev Trensadmittarcs 

Maximum Available Power Gant 

Power Gam 

Maximum Usable Power Gam 
Noise Figure 


L = 25°C unless otherwise specified)_ 

* ' " MEM 616 

TEST CONDITIONS_ MlN TVP M/ 

Iq^IOOiuA, VG1S a ' , G2S"" 4v 25 

iGlS° 10oA - V DS“ V G2S =0V ±6, ° 

I G2 s 8 10uA, V DS =*V ri is“O v ±6 -° " 

1 D =60pA V DS =16V.V G 2S a4v ' - 1 - 5 ' 

I d *50.uA. V OS *16V.Vgis”0 v “ ~ ~ l 

v os ~isv, Vgis=ov. vg 2 s d4V 5 ° 7 - 3C 

V G 1S b±4V - V G2S“ V OS=0 V - - 50 

VG2S =±4V - v G1S =,v DS”‘ ov ' * K 

V %t?5Kei5Sw' M* -02 02 

j V DS *+15V, Vg2S” +4V - 40 S - 4 6,0 

1 V 05 »+1BV, V G 2S“f4 v * - 2 ‘ ? 

V OS =-15V. VG2S =+4V < " 790 

V DS =M5V,VG25-f4V. - 1-25 

V D s—l5V, Vg2S' +4V - 12 18 

V dS «+i5V,Vg 2S“ +4V * sae “ ~ 55 

V 0 S'f'1 5V 'VG2S i " r4V < notes ' 30 

V dS =+15V. Vg2S‘ +4V - 4 5 - 6 “ ' 30 

V DS ’=*t5V,VG2S s * 4V < ' 21 . 

V d s--‘ x 15V,Vg2S : ’ +4V ' 16 181 

V 0S =tt5V. V G2S 'V4V. 

yps^+isv, Vg 2 S"~ i ' 4 ^t I - 3,6 4 


MEM 617 

min typ max 

MEM 618 

MlN TYP MAX 

UNITS 

20 

20 ~ - 

volts 

±6.0 - 

±6.0 - 

vons 

±6.0 - 

±6.0 - 

volts 

- -1.0 - 

-1.5 - 


'4.0 

- -4.0 

volts 

2.0? - 15 

3.0 7 - 20 

mA 

- 60 

- 50 

nA 

- 50 

- 50 

nA 

_ 

.006 .02 .03 

pF 

- 6.0 

- 5.1 - 

PF 

- 2.5 

- 2.5 

pp 

_ 670 

- 15k 

u 


- IB 

kfl 

4.4 

10 1* 

nrirnho 


- -13.6 - 

degree 

_ 

- 5.5 

pmbo 

... 

- 90 

degree 

- 17.3 2 - 

- 39 

dE 

_ _ 

- - 

ae 

_ _ _ 

- 30 3 - 

dB 


- 

d8 


1, See Figure 1 . u Olt0fl e s both are applioo on Gate 1 With injection level squat to SOQMV RMS (we Figure2). 

5. mIm S? IKxeS? v'Eflty £200MH*/44MHZ. 

5; L A “. «5.' oi. *. follow!PB toss - ■«»— 



IQSS Range 
(mAl 

Color Cooe 

SuggostoO 

Source Resist©' 

(ohms) 

Suggosted Biasing 
(volte) 

MEM616 i 

R-F- Amplifier 

5-13 

11-22 

20-nO 

Black Dot 

Blue Dot 

Reo Dot 

ISO 

180 

200 

Vgi - *1-6 
V G2S= +4.0 




100 

V G 1 ■ +0-5 

MEM6 1 7 

2 9 

7-15 


100 

V G 2 “ +I 5 

Mixer 





MEM61B 

| 3-9 

Black Dot 

, 270 

1 270 

Vgi »ti.o 
VG2S- t4.0 

•-F. Amplifier 

! 12-20 

Red Dot 

2’0 

L-——■ 


4C-25 
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SHAH 


features 

• Monolithic Gate-Protection Diodes 

• Low Feedback Capacitance 

• High Gem-Low Noise at VHF 
' Reverse AGC Capability 

Linear Mixers-Low Cross-Modulation Distortion 

• Dual-Gate Cascode Operation 


APPLICATIONS 

TV T(..n«c HP Amplifiers ana Mixers 
FM Ttrier RF Amplifiers and Mixers 
IF Amplifiers 
Synchronotic Detectors 
Wide Card RF Amplifiers 


DESCRIPTION 

T». 636/MEM 637,MEM 638 >* DwlB^Mod. 

O * l0 • S ="“'»"0uctt, r 7|»li.H,c, transistors. T h «y 

3 ' K , S 6 

bacK oiooes between gates and source. 

The MEM 636 .s intended fo- .,** ,n VHP amoli'o 
e,m, ‘ 

637 '* : "” n ‘'" d w VHF „l,„ „ d 

»L A ' “° ,n '»-™»FlMon dlstor.on ,„d i„ nois , 

operation ere required. 

™ r“ ““ « <“»■« "W *«Wn«, „npl,„. r , 

. • ,ne ' 0w eeobac >' capacitance permits high sinai* I 

stago gam and stability witnout neutrehzonon. 



SIDE VIEW 


LEADS CAN BE PREFORMED TO CUSTOMER SPECIFICATION 


terminal diagram 

1. SOURCE 

2. DRAIN 

3. GATE 2 
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N-Cbanne! Depletion Mode MOSFKT 


FEATURES 

e Back-to-Back Zenar Clamp to protect gats 
e Low 3rd order distortion 

• High gah-low noise through VHF range 
« Low feedback capacitance 0.32 pF typ. 

• Square law response 

APPLICATIONS 

9 TV Tuners 

• FM Tunere 

• IF Amplifiers 

e SSB Amollfiers 

• Wideband Amplifiers 

9 High Frequency Analog Switching 

MAXIMUM RATINGS: 

Drain*lo«Source voltage . . 

Sefe-to-Soume voteg© .. . 

Oreln-to-Gate vcltage... 

Drain Current.. 

Storage Temperature. 

Operating Junction Tompe'aturo. 

Total Dissipation et 25 e C Caae Temperature. 

Tolal Dissipation at 25'C Ambient Temperature. 

at 100'C Ambient Temperature.. 

Derata Linearly from 10C=C to t50°C at 3 mW'°C 


,. + 20v 
. * 6 0V 

• * 30 to -6.0V 
•L'mjted by Dissipation 
-65 to +150 J C 
-65 to + 150°C 
30CmW 
•225mW 
-ISOmW 


ELECTRICAL CHARACTERISTICS 


Symbol 

Characteristic 

Conditions 

Min' 

Typ 



S^osx 

Breakdown voltage 
drain to source 

V QS ~ -4.0V I d « 100 m A 

20 



V 

BVp,, 

Breakdown voltage 
gale to source 

V D8 'Wl," lOO^A 

±6.0 

- 

- 

V 

*G9s 

Gate Leakage Current 

V QS - S4.0V 





’o few 

Drain to Source 

Leakage Currant 

V os - + '6V,V as - -4.0V 

“ 

- 

100 

PA 

loss 

2eraslgnal Gate 
voltage drain current 

V DS ” + 15V.V GS - OV 

1.0 

4.0 

20.0 

mA 

V 0 (off) 

Gate-Source Cutoff 

Voltage 

V DS - +15V.I 0 - tOO^A 

" 

-1.0 

1-4.0 

V 


SmalJ-sIgnal. short 

VpS — + 15V, (« =» 10wA'. 


4.0 

7.0 



circuit input 
capacitance 

< - 44 MHe 






Small-signal, snort 

V 05 “ ■H5V,J 0 »5mA\ 


2.0 


PF 


circuit output capacitance 

1 - 44 MHz. 



G rfle 

Small-signal, 6hort 

V DS - +15V.I d - 5mA\ 

_ 

0.32 


dF 


circuit roversa tronolsr 
capacitance 

f - 1.0 MHz 





G fa 

Forward 

trBnscDnduclance 

Vpg - t 15V. I[j “ 5mA*. 

/ « VO kHz 

6000 

10000 

- 

4Hlh03 

Qp B 

Power gain (See Fig. 1 

V DD - TtSV, 


22 




(or measuremant circuit) 

1 - 100 MHz, R 3 - 2700 




NF 

Noise Figure “ (See Fig, I 

v D p - + tav. 


2.5 

4.6 

dS 


(or measurement circuit) 

t - 100 MHz, R s - 2700 


ton) 

Drain to Source on 
resistance 

Vq 5 »* +6.0, 
l 0 O.JmA 

“ 

30 

100 

n 


*Vas bias is adjusted for the required current. 
•■Input circuit adjusted tor minimum noise figure. 




Fig. 1 — POWER GAIN TEST JIG @ lOOMHs WITH NEUTRALIZING 

C5 



C z & C 3 » 9 to 7 pF (Arco Eltnenco * 402) 
C 4 &Cj- .9 to 7 pF (Arco E/menco # a02) 


TYPICAL CHARACTERISTIC CURVES 


POWER GAIN va. DRAIN CURRENT 




OflAIN CURRENT <l D l -mA 
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N-Channe? Depletion SVfode Silicon MOSFET f 


features 

° Femtoamp Gate Leakage 
“ 1015 Ohms Input Resistance 

■ High Transient Gate Voltage Capability 
B Narrow Ipgg Range 

■ Low Input Capacitance 

■ Excellent Stability 


APPLICATIONS 

Smoke Detectors 
Memory Modules 
Electrometers 
Alarm Systems 


DESCRIPTION 

The MEM 670 is an N-channei, Depletion Mode, Metal Oxide 
Semiconductor Field Effect T fB n»Istor. This MOS p ET exhibits 
very low gBte 'aekage, extremely nigh Input reiistence, and it 
caoeble of handling very nigh gate to source voltage transients. 

These features, eomblneo witn en excellent stability, meke the 
MEM 670 ideally suited for smoke detector aoplicetions 



| 

£ 

£ 

I 


i 


i 
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MAXIMUM RATINGS (T a - 25°C) 


dP AIN-SOURCE VOLTAGE. V DS ... 
dP AIN-GATE VOLTAGE. V GD .... 

GATE-SOURCE VOLTAGE. V GS - 

DP AIN CURRENT, I d . 

STORAGE TEMFERATURE RANGE . 
OPERATING TEMPERATURE RANGE 

POWER DISSIPATION lT c =2S°C>- 

POWER DISSIPATION (Ta‘“25°CI , . . . 


. 20V 

.20V 

.± 100 V 

Limited by Dissipation 
.. —65°C to *1 50°C 
... -6S°C to+’2S°C 

. 300 mW 

. 150 mW 


ELECTRICAL CHARACTERISTICS (T A = 25 0 C. unless otherwise specified) 


SYMBOu 

CHARACTERISTICS 

TEST CONDITIONS 

MlN 

TYP 

MAX , 

j UNITS 

V(BR)SDX 

DRAIN-SOURCE BREAKDOWN 

v GS“- dv - 1 d = 1 OjlA. Vus"0 

20 

45 

- 

volts 

VGSloff) 

GATE-SOURCE CUTOFF VOLTAGE 

Vds" -15 ^' Id = 1®AA 

-0.3 

-2.5 

-4.0 

volts 

'DIoff) 

DRAIN CUTOF r CURRENT 

V DS «*15V. V GS —4V, V US =0 


0.5 

10 

I nA 

>G5S 

GATE LEAKAGE CURRENT 

v GS =±tov. v ds -v us »o 

- 

.01 

1.0 

1 PA 

M 

FORWARD TRANSFER ADMITTANCE 

V D s n »15V. i D oJmA. Vus =0 

- 

2000 

- 

umho 

c,„. 

INPUT CAPACITANCE 

V D s"+15V. 1 q= 1 OmA, 

1 

2.0 

5.0 

1 

C^jj» 

OUTPUT CAPACITANCE 

V D S =+ 1 5 V, lD*»10mA MMHj 


j 2.0 

5 0 

pF 

C.„. 

REVERSE TRANSFER CAPACITANCE 

V DS = + 15V, i o^lOmA, f=1 MH* 

- 

0.3 

- 

PF 

'D5S 

ZERO GATE VOLTAGE DRAIN CURRENT 

V OS =-M5V, V GS =V US -0 







COLOR CODE - NONE 

0.5 


2.2 

mA 


. . 

COLOR CODE - BLACK DOT 

1.8 


5.0 

”* 


NOTES ‘ V(3 S ADJUSTED FOR'd = 10mA 


























features 

0 Monolithic Gate-Protection Diodes 
» Low Feedback Capacitance 

• High Gain-Low Noise at VHF 
° Reverse AGC Capability 

• Linear Mixers-Low Cross-Modulation Distortion 

• Duel-Gate Cascode Operation 


APPLICATIONS 

TV Tuner RF Amplitiers and Mixers 
FM Tyner RF Amplifiers and Mixers 
IF Amplifiers 
Synchronous Detectors 
Wide Band RF Amplifiers 


DESCRIPTION 

TO. MEM 080/MEM 68.-MEM B82 -»-=„,„„,|, D.plWw-Mo.. 

□ 0.1-3.,. M.,,1 Oxide Semiconductor „ lns |„„„. T „. y 

* '' T’" “ '"put volt,,., by monolithic b.ck-to- 

oock diodes between sates and source. 

68 °' '* ,nter,ded for »n VHF amplifiers. The low 
end beck capamtance permits staple hign gam witnout the use of 
neutralization. 

TO. MEM 881 „ mtenoso to, „le VHF mi,.„ m,„lmi,M 
cto,,-modulation, and ,n,er-modula„on dlatortlon and low 
operation are required. 

J* intBnCl9< ‘ ‘° r u * 0 ,n tunea n, fl h 'requency amplifiers 
su.n as V IF. The low feedback capacitance permits nigh single 
Stage Belt, end stability without neutralization 



4C-36 


I^AXSMDM RATINGS (T a = 25 D C, unless otherwise specified) 


^4-26*0 UNLESS OTHERWISE SPECIFIED 

DRAIN-SOURCE VOLTAGE, V DS. 

DR A|N-GATE NO. 1 VOLTAGE. V D Gi. 

DRAIN-GATE NO. 2 VOLTAGE, V DG2 . 

GATE NO. 1-SOURCE VOLTAGE, V G1S.*. 

GATE NO. 2-SOURCE VOLTAGE, V G 2S. 

ORAtN CURRENT >0 ... . 

TRANSISTOR DISSIPATION, P T AT 25<C. 

ABOVE 26*0, DERATE LINEARLY. 

LEAD TEMPERATURE DISTANCE 1/32 FROM THE SEATED SURFACE FOR 10 SECONDS 
storage TEMPERATURE RANGE... 


.26V 
. . . 7.5V 

. . 26V 

. . . . ±6V 

±6V 
. ,50mA 

360mW 
. . 2.4inW/“C 
. - . . 266°C 
-65°C to -MSG 




ELECTRICAL CHARACTERISTICS (T A =■ 25°C, unless otherwise specified — body grounded) 


SYMBOL 

CHARACTERISTICS 

I MEM 680 MEM 681 

TEST CONDITIONS [MIN TYP MAX MIN TVP MAX 

1 MEM 682 
|MIN TVP MAX 

UNITS 

BV 0 ss 

Dram-Source Breakdown Voltage 

i0»1OavA, V G is“V G2 g*-4V 20 

- 

- 20 

_ 

20 


_ 

V 

bvgiss 

Gete 1-Sourca Breekdowr Voltage 

IqIS-IOpA. Vqs=Vg2S*0V *6,0 

- 

- =6.0 - 


= 6.0 

- 

- 

V 

BVQ2S5 

Gate 2—Source Breakdown Voltage 

'G2S s ’1QfA. Vds^Vgis^OV ±6.0 

- 

- =6.0 

- 

±6.0 


- 

V 

VGISIoff) 

Gate 1—Source Cutoff Voltage 

IO=50pA. Vd5"15V,Vq 2S ci4 V 

-1.5 

-1.0 


- 

-1.5 

- 

v 

VG25(Off) 

Gate 2-Source Cutoff Voltege 

lD“50pA. V ds »15V. V G1S »0V - 

- 

-4.0 - 

-4.0 


- 

-4.0 

V 

loss 

Gate 2-Voltage Dram Current 

V DS = 15V, V G1s =0V, V G2S -4V 4.0* 

- 

30 2.0 7 - 

20 

3.0 ’ 

- 

20 

1 mA 

'GTSS 

Gate 1-Leakage Current 

v G1S“ i4V . V G2S-VOS'OV 


50 

50 


- 

50 

nA 

>G2SS 

Gate 2-Leakage Currant 

V G2S -±4V. V G1S «V OS *OV 

- 

50 

50 


- 

50 

nA 

C„, 

Reverts Transfer Capacitance 

Vds“*15V, V G2S =+4V, 










Ip” 10mA, t=» 1,0MHz .005 

07 

.03 


005 

.02 

03 

pF 

Cjjj 

i nput Capacitance 

V D ^+T5V, V G2 s-+4V, 4.0 

5.4 

6.0 - 6.0 


. - 

6.1 

_ 


Cpsj 

Output Capacitance 

Vd5' t 15V, V G 2S“r4V, 

2.2 

- 2.5 



2.5 


pF 

rill 

Input Resistance 

VdS c ^15V. Vq2S“ + 4V. 

790 

- 670 


i - 

15k 

- 

n 

f 0K 

Output Resistance 

VDS^ISV, V G2 s=+4V, 

2.00 

- - 17 


- 

18 

- 

I kJi 

IVfsl 

Magnitude of Fwd Transedmittence 

Vqs"+15V, V G5B =+4V. 12 

18 

4,0° 


10 

14 


! mmho 

9 

Angle of Fwd Transedmittattce 

Vds-1SV.U G2s .*4V. 

-65 

- 


- . 

-13.6 



|Y«I 

Magmtuoe of RevTrensedmiitBnce 

VDs- i Tl5V.V G2S -*4V, notes - 

30 

- 


- 

5.5 



9rl 

Angle of Rev Trans admittance 

Vqs^ISV, V G2 g“T4V, 4,5,6 

-30 

- 1 - 

- 

- 

90 

- 

dog 

G c 

Conversion Power Gain 

Vds b+ 15V. V G2s -,-4V. 


IB 







»=ig. 2 200 MH j Fig. 5 105MHz 









Go * POvvo- Gem - 200MHz 

Cg i 19 

21 

- 

- 

- 

- 


oB 

Gp ' Power Gain - 105MH* 

Fig-4 

27 

- 





. de 

MUG Max. 

imurp Usable p owe<- Gain — 44MHz 1 

Fig. 3 




- 

30 3 


dB 

N.F, Nolia Figure — 200MHz j 

Fig. 1 

2.5 

3.3 - 


" 
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NOTES: 

1. See Figure 1. 

2. Signal and locel oscillator voltagae, both ere applied on Gete 1 with •in|«ction level equal to 500MV RMS (sno F'gure 2). 

3. Unnautrelizod maximum viable gain for one stage (see Figure 3). 

4. MEM 680 (RF AMPf |Q-10mA. f«200MHz. 

5. MEM 681 (MIXER) VG1S“0.1V, f«200MH*/44MHz. 

6. MEM 602 (IF AMP) Ip-SmA, f-44MH*. 

7. in addition to the standard range of loss, the following loss ranges are available: 

6. Forward conversion trensconductance. 



Device 

IDSS Range 
(mA) 

Color Coaa I 

Suggested 

Source Resisto” 
ini 

Suggestoa Biasing 
(V) 

MEM 680 

4-13 

Yellow Dot 

150 

VG1 “ +1.5 

R.F, Amplifier 

11-22 

8lua Dot 

180 

V G2S“ +4.0 


20-30 

Rad Dor 

ZOO 


MEM 601 

2-B 

YalloWDot 

100 

Vqi * *0.5 

Mlxar 

8-12 

Slue Dot 

100 

VG2 “ +1-6 


[ 10-20 

Rod Dot 



MEM 682 

3-9 

Yellow Dot 

270 

Vqi -* -1.0 

I.F, Amplifier 

7-14 

Blue Dot 

270 

VQ2S*= +4.0 


12-20 

Pad Dot 

270 



4C-37 


















: 19 , 4 _ 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 



u r,aas^iSFssrwJ8».n.MSff“ C0 " E|Y#P " 

^ SAME AS Ll. BUT RfSOK M0JNT£D 
Cl,C4 0.9 TO 7.0pF TRIMMER 
02,=3 AIR VARIABLE CAPACITOR 20pf MAX 
NOTE I- ADJUST IOX POT. FOR €mA 1 B 


cm 5 105MHz TO 10.7MHZ CONVERSION GAIN 
Fl g. 5 - iraiHz^T (pRODUCT MIXER) 





it 


Ff 




PART 


DESCRIPTION 


FUNCTION 


MASTER 
FREQUENCY 
GENERATOR/ 
TOP OCTAVE 

generator 


AY-1-0212A 


Generates a complete octave 
of musical 'reqoencies 


AY-3-0214 


LATCHING 


Establishes priority level of 13 


NETWORK 


latch inputs,'Outputs 


RHYTHM 


Generates 6 rhythms, drives 8 


GENERATOR 


instruments 


CHORD 

GENERATOR 


Produces major minor, 7 th 
chords, walking bass_ 


AY-5-1317A 


PIANO 

KEYBOARD 


Electronically simulates di; 
operation and sound 


5 stage 


FREQUENCY 

DIVIDERS 


AY-1-1007B 


2' 6 I ! L 

Counter/Divioer 


ELECTRONICS 


MUSIC 


















faster Frequency Generator/Top Octave Generator 


PEATUHES 

0 Wide input Frequency Range 

1) AY-1'0212— 250KHZ to 1.5MHz 

2 ) AY-1-0212A-—250KHZ 10 2.5MHz 
ib Low Impedance Push-Pull Outputs 
a Full Musical Scale in One Cmp 

g Zener Protected Input 

description 

Tne Master Frequency Generator/Top Octave Generator is a 
digital tore generator which produces, from a single input 
frequency, a full octave of twelve frequencies on Twelve separate 
output terminals. 

The M.F G./T.O.G. consists oftwelvedividercircuitswhichdivide 
the input by an exact integer to produce a chromatic scale of 
twelve note& When used in conjunction with an oscillator and 
frequency dividers, a system may be configured which generates 
an the frequencies required by an electronic music synthesizer. 
The AY-l-0212 operates with input frequencies of up to 1.5MHz. 
A premium device designated AY-1-0212A operates up to 
2.5MHz 








ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All Fin Voltages with respect to Vss .-30V to H).3V 

Storage Temperature.-55°Cto ▼1S0°C 

Operating Temperature {T*} .0*0 to *70° C 


Standard Conditions (unless otherwise noted) 
Vss * GND 

See Fig.1 for Von and Visa Operating Voltages 


'Exceeding these ratings could Cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied—operating ranges are specified 
below 


Characteristic 

Min 

Typ" j 

Mas 

Units 

Conditions 

DC CHARACTERISTICS 

Input Leakage 

_ 


10 

I.A 

at 27V 

Input Positive Level 

F0.3 

— 

-2.0 

Volts 


Input Negative Level 

-10.0 

— 

Vdd 

volts 


Output on Impedance to Vdd 

— 

— 

3500 | 

Ohms 


Output on Impedance to V K 

— 

— 

3500 

Ohms 

See Note 1 

l GG Supply Current 

— 

— 

16 

mA 


l 0D Supply Current 

- 

- 

20 

mA 


AC CHARACTERISTICS , 

AY-1-0212 Input Frequency Jo 
AY-1-0212A input 

.25 

- 

1.5 

MHz 

See Fig.3 

Frequency fo 

.25 

— 

2.5 

MHz 

1 

Input Capacitance 

— 

5 

’0 

pF 

1 MHz 

Input Positive Level Width tu 

33 

— 

— 

MS 

AY-1-0212 

Input Negative Level Width tn 

33 

— 

— 

>*s 

AY-1-0212 

Input Positive Level Width tp 

.2 


— 

US 

1 AY-1-0212A 

Input Negative Leve 1 Width t n 

.2 

— 

— 

uS 

AY-1-0212A 

Output Rise Time t, 

— 

1 

— 

M s 

no load 

Output Fall Time tf 

“ 

1 

— 

■AS 

1 

no load 


" Typical values are at-*-25°C ana nominal voltages 


NOTE- 

1 Output impedance measurements are made with i.0V across 
the device to be measured with 17 K Ohm load to -6V. 


TYPICAL CHARACTERISTIC CURVE 



Flg.3 • TYPICAL FREQUENCY VS. V GG VOLTAGE OPERATION 


TIMING DIAGRAMS 

rr. 


i 160 INPU T CYCLES | 69 INPUT CTCLES 1 


r- 


x : 


i«™ .rxjT^^ajTj-LP^r-Lnj- 

SflllOB l OTLB > l '“ FST " CL “ I 

<•-10! --- - A f 

output J ~ j_z__J 




Fig. 1 OPERATING VOLTAGES 


Flg.2 TYPICAL INPUT BUFFER (IF REQUIRED) 


n • THE DIVISION HUMBER 


TYPICAL APPLICATION 




1 FflEO, DIVIQERS ) -> C 9i -C„ 

g >-- 1 FREQ. 01VIDEBS ) -> B T( -9 0 

T.>—— pFRSa P1VI&ER5~| -> A^.„. A-* a 

, e >- j FB£Q. OIVIPERTI --?■ A 7> -*o 

i# 8 >- 1 FREQ DivTPEen -> G*r, — g* 0 

>-- j FREQ. g|vipjRS~V ----Go 


>- j FftEQ P'V/0ERS~] --F* c 












AY-3-0214 

AY-3-0215 

AY-3-0216 




Waster Frequency Generator/Top Octave Generator 


FEATURES 

m Wide input frequency range 100 KHz to 4.5 MHz 
a Single power supply 
a Pull musical scale on one chip 
sa low impedance push-pull outputs 
a Zener protected input. 

s AY-3-0214 l2outputs — 50% Duty Cycle (Hig nest accuracy) 
b AY-3-0215 13 Outputs — 50% Duty Cycle 
m AY-3-0216 13 outputs — 30% Duty Cycle 

DESCRIPTION 

The General Instrument M.F G./T.O.G. is a digital tonegenerator 
which produces, from a single input frequency, 12 or i3semitone 
outputs lutly spanning the equal tempered scale When used in 
conjunction with an oscillator and frequency d ividers such as the 
G-l- AY-1-100?B, a system maybe configured which generates all 
the frequencies required by an electronic music synthesizer. 



S-6 




electrical characteristics 


Maximum Ratings* 


Voltage on any pin with respect to V ss 

Storage Temperature... 

Operating Temperature (T A ). 


. ^20 to -0.3 

, -55° C to -150*0 
.... 0° C to -r50°C 


Standard Conditions (unless otherwise noted) 


•Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions Is not 
implied—operating ranges are specified 
below. 

















m 


AY-1-1313 


i S I 


Priority Latching Network 


Low Power Consumption 

Two or more units may be connected in tandem 


DESCRIPTION 

The AY-1-1313 Priority Latching Network is a LSI subsystem 
designed far use In electronic organ keyboardand pedal latching 
circuits. When any combination of one or more “switch" inputs is 
connected to logic "I" the output switch corresponding to the 
highest priority, or lowest number, Input will close, connecting 
the selected frequency to the output frequency bus. Tne output 
switch will remain closed even If the input switch is released, and 
will remain closed until a new Input switch closure occurs. 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Praquoficy Out □ 9 
Priority IN q 10 


Frequency 3 q 
Frequency 
Frequency 5 d 
Frequency 6 □ 


37 3 Switch to 
36 3 Switch II 
3S 3 Switch 12 
34 3 Switch 13 
33 □ N.C 
32 3 W.C 
31 3 Priority Oui 
30 3 Inhibit In 
29 3 Vac 
28 p N.C 
27 D Frequency ’3 
25 J Frequency 12 
25 3 Frequency'1 
24 3 Frequency 10 
23 3 Frequency $ 
22 1 3 Frequency 8 
21 3 Frequency 7 


BLOCK DIAGRAM 



j -» FREQUENCY 0 


FREQUENCY INPUTS 


LOGIC DIAGRAM 


ORITt INHIBIT 


._-fWEOUEl 

tr* * 



electrical characteristics 
Maximum Ratings* 

; All Pin voltages with respect to V S9 . ^rVVso'C 

ss?« 

ndard Conditions (unless otherwise noted) 


•Exceeding these ratings couid cause 
permanent damage Functional operation of 
this device at theso conditions is not 
implied—operating ranges are specified 
betow 


pc characteristics 

Switch Inputs Impedance 
priority end Inhibit Inputs 
Impedance 
Input Logic “0" 

Input Logic "1” 

Output Logic “0" 

Output Logic “1" 
Frequency Output Switch 
impedance — “ON' 

“OFF" 

I op Supply Current 
, ti Supply Current 


’Typical values are at +25°C and nominal voltages. 


Min 

Typ" 

Max 

Units 

Conditions 

15 

_ 

80 

KD 

I Measured to 







— 



) 


_ 

-2 

Volts 


-9 

— 

— 

Volts 



— 

-2 

Volts 


-9 

— 

— 

Volt6 




20 

Kn 


5 

- 

— 

Mil 



__ 

8 

mA 




1 

mA 



typical application 

It! nffitir 





For multipie unit operation, the Priority 
Output of the higher priority unit is 
connected to the Priority Input of the 
tower, and the Inhibit Input of the 
higher priority unit is connected to the 
Inhibit Output of the lower The Priority 
and Inhibit Inputs must be grounded 
when not in use 


k. 












AY-5-1315 


Rhythm Generator 


a Drives 8 instruments 
2 i 32 beat long pattern 
a 6 rhythm selections 
h ‘nternai oscillator 

a Mask programmable rnythm pattern and pattern length 
e Automatic reset for easy chord coupling 

DESCRIPTION 

The A v -5-131S is a P-Channel MOS 1C specifically designed for 
the Rhythm and Percussion section of an Electronic Organ and 
fo r Automatic Rhythmers. It contains all the logic circuits 
necessary to generate six sets of rhythm patterns driving eight 
instruments. The automatic reset feature allows it, when coupled 
with the chord section ot the organ, to start on the downbeat 
every time a new chord is played. Selecting multiple patterns will 
result >n a combination of the patterns selected. Tempo is 
externally adjustable from slower than largo to faster than presto. 
For added stability of the internal tempo oscillator a 32clrcuit is 
provided, if an external tempo oscillator is used this circuit could 
be mask programmed out of the counter decoder chain. For 
added flexibility the output buffers could be mask programmed 
fo r either 100% or 50% duty cycle. The AY-5-1315 may be 
operated alone or in conjunction with the AY-5-1317A chord 
generator 


BLOCK DIAGRAM 


RJC NETWORK 


PATTERN 
SELECT y~ 
INPUTS 



OUTPUTS 


PSN CONFIGURATION 

18 LEAD DUAL IN LINE 



17 I] Pall«m Selection 6 
'fi 3 Pattern Selection S 
‘5 3 Pattern Selection < 
’•» 3 Pattern Selection 3 
13 ]] Pattern Selection 2 
12 ^ Pattern Selection 1 
11 ^ Out 8 
10 3 0U17 


A separate publication, "AY-5-1315 Custom Coding 
Information", available from Gl Sales Offices, describes the 
punched card and truth table format for custom programming of 
the AY-5-1315 memory. 

TYPICAL APPLICATION 



TO DRUM 
VOICING 
CIRCUITS 


ELECTRICAL characteristics 

Maximum Ratings* 

Voltage or any pin with respect to Vss ■ 

Storage Temperature. 

Operating Temperature rr A ) . 

Standard Conditions (unless otherwise notea) 


ww "-eSE; ;. '%?c°o Xc 


•Exceeding these ratings could cause permanent damage 
functional operation of this device at these conditions is 
not implied—operating ranges are specified below 


Vss = v 

Characteristic 

Min 

Typ" 

Max 

Units 

Conditions 

Clock Input 

DC 

100/1000 

100K 

Hz 

with t- 32 circuit m 

Freq. 

DC 

3/300 

100K 

Hz 

with no-t-32 circuit 

Logic 'O' 

Logic T 

Internal osc. freq. 

Vmy-4.0 

-0.3 

100/1000 

Vdd 

-1.0 

V 

V 

Hr 

Set by external resistors capacitor 

Rhythm select Input9 

Logic 'O’ 

Vdd - ' 4 

- 

Vdd 

V 


Rhythm select inputs 

Logic T 

-0.3 

- 

-1.0 

V 


Rhythm select input 
impedance 

10 

- 

- 

KOhm 

Pulled XO Vdd 

Instrument & osc. output 

Logic 'O' (Note 1) 

Vmv-6.0 

- 

V,»o-4.0 

V 

with internal pull ups to Vdd 
( instrument outputs only) supply¬ 
ing 0.1 mA 



Instrument a osc. output 

Logic T 



~i 0 

V 

Sinking 1.0 mA 

Power 



300 

mW 

Vdd = 15 volts 


’’Typical values are at -r-25 6 C and nominal voltages. 

NOTE 1. Open ended devices have a minimum .mpeoance of 500K ohm to GND when in the off condition, 


OPERATION 

The AY-5-1315 Rhythm Generatorcontainsan internal oscillator, 
a clock generator circuit a 5-blt synchronous resetabte 
counter/decoder, and a ROM that drives 8 instruments and the 
reset circuit. By selecting one of the 6 available rhythm patterns 
the appropriate sectior of the ROM's enabled 
If no pattern is selected the reset circuit is activated which stops 
the internal oscillator, inhibits the output drivers and resets the 
counter to count 1. When a selection is made, the outputs are 
enabled which brings out the program as stored in count 1 -the 
down beat program 

The oscillator frequency determines the tempo of the rhythm 
pattern generated Tne clock generator generates a 2 phase clock 
enod2. If the internal aivioe oy 32option is selected ot is on for 
the first 16 count and <*>2 is or betweer count 1 T and 32, thus 
producing two non overlaping clocks If tneoivide by 32 circuit is 


programmed out, the circuit *1 andd>2 will oe directly related to 
the ON (logic 1) and OFF (logic 0) time at the ctook generator 
input as provided py an external oscillator The d2 clock drives 
the 5 bit counter/decoder which sequentially turns on one of the 
32 lines of the ROM 

On the oi clock, the program out of tne ROM is transferred to the 
output xnus eliminating decoding spikes at the output, if the 
output of the ROM is a 'V the proper instrument will beturneo on. 
The output drivers are programmed either for 100% duty cycle or 
50% duly cycle Wher programmed to* 100% duty cycle the 
output turned on will remain on for an entire.0lM2 cycle If the 
next bit in the program is a 'V again, the output will remain on for 
tne next cycle without going to zero between cycles When 
programmed for 50% duty cycle the output will be or during *1 
only and return to zero during <f>2 












Chord! Generator 


FEATURES 

n ROOT, :3rd, oto, Chord Elements 
» Additional output for sofciai effects 
M Sustain capability 
fop key onoric;/ 

w Se!-'Consai>’od oscfllaicr cue- i 

•> Opiaratea with -single Dole, sting e throw switch matr* 


DESCRIPTION 

The AY-5'1317A >s a D -Channa i M09 1C which accepts twelve 
basic frequencies [one lull octave) and outputs the notes 
necessary to for") Major, Mint;' end Seventh chords This is the 
only *nowii standard chcrg generator iC that performs these 
functions The chord elements (ROOT. 3rd, 4th. 5th, Cth, and 7th; 
ce.n be multiplexed internally te perform spocuv ejects such as 
walking bass, mvthm arpegio alternating Pass etc. The ay-p- 
'317A will operate «r> conjunctive with and, through the KEY 
DOWN output synchronize o rhythm generator such as the 
General Instrument AY-5-131& The AY-5- 131?A has a Keyboard 
priority system with the C Major r- r.crdhaving the highest priority 


PIN CONFIGURATION 

40 LEAD DUAL IN i,.IME 



BLOCK DIAGRAM 



.■ i 

COfcTROL 

LIVES 


IT-tS 


i 


PIN FUNCTIONS 


pin wo. 

Name (Symbol) 

Function 

1 

Ground (V ic! 

Grouna 

? 

Pov/fl 1 'Supply (Vi,i-l 

Negative Supply 

3, ,36-40 

Column Inputs (Ci-CG; 

Column i 'ij:u ts from. Keyboard Matrix 

4 

Oscifaio'' wut fOSC) 

JVC network connection foi keypoaroscan oscikato* 

r > 

Rest! -RfSI 

A logic i ■ ground; v/iil reset ,hu iteyboanf ncan ; »et. and •in- 
memorized key 

& 

Mino’ Select [mSetj 

A Grounc or this <inci cnangoG the 3ra outpu* Iron) Major tr* 

Minor 

■’ Vi 

Row r Tjlouts (Ri-RS) 

Row outputs,to Keyboard Matrix 

13-Y4 

Frequency inputs (F*--i"«2i 

These arcs the input iin% to- tiv 12 frequencies {one lul> 
octave B thru C i usiod lo fjdncrote the chores 


Control moots (B3-B1; 

These 3 Lnes. will oo internally latchec a r, d decoded to seiec' 
htlhor the ROOT. 3rd, 4tn Tth eth. c -':p frequency as- no 
■special '•fleer output 

B 1 R? BSs Selection 

F 0 0 No change- from List se notion 

0 0 ROOT 

0 ’ 0 5th 

0 i 1 lira 

t - 1 ' : t‘n 

1 ' 0 4th 

i 0 1 6;n 

23 

5in Cutout (Jjihi 

This nne we output triF. 6tn frequenev oieme nt of |ne selected 
chore: 

23 

;Vo Output (3rd) 

This nne wilt output the 3td Imqiiency element of the selected 
chord Minor 3rd will he provided if a Minor chord is soisctuc 

Major 3rd wilt be provided if a Majc'or ?t‘ri Chord are selector 

30 

Aw Key Down (AK i 

This line 300 “ to a logic -v whan over acnoro selection kuv 'S 
depressed 

31 

Root Output (Roo:) 

This nne w:i output me ROOT frequency element of ire 
•selected on ora 

3? 

7th Output (Tint 

This t-ne wm output the 7 in frequency element of the selected 
cnora if £• > tn c.hc >d is selectee otherwise the output is log u, 
i voltage ■ 

33 

7tn Ss-.ec 1 (7 Sei) 

A ground on mis line lur-'s mo 7th cutout cn 

34 

Spos,8t Effect Output t MO) 

Tms line win output one of tbs six frequency elements us 
programmed by ine con'-oi tines B1-B3 Die 7th chore ole- 
men t frequency w*ll bo provtdeo indepenqeiitly :> ? the chord 
selection 

35 

SuMwn (SUS) 

A logic * on this ting win activate the memory circui! v/iuo-i 
memorizes the tasl key Played 


P TRUTH TABLE FOR SPECIAL EFFECT OUTPUT 

FREQUENCY OUTPUTS 


Chora 

Selection 

Root 

3n 

Mmo 1 

.. _ 

Old Major 

4 in 

r.th 

fitr 

/l: 

C 

C ( 

2) 

0 

' (-2) 

t- 

--2) 

r (-2) 

( 2) 

A (- 2.1 

f' H 1 

2) 

C* 

CP (- 

2) 

fi 

(' 2) 

t 

- 2) 

r > r (-2) 

G " (-2) 

a»! a 

13 ( 

-2} 

D 

D (- 

2) 

f 

f '• 2j 

r - 

-2) 

G ( 2) 

A ( 2) 

6 (- 2) 

C ! 


D*f 

0* (- 

2) 

r 

• { 2) 

Ci 

■ 2) 

G ( -2) 

A ■' (-2) 

C f-1) 

C " i 


E 

F (• 

2) 

G 

(•2) 


- 2) 

A (-2) 

B (-2) 

C" 1-1) 

D i 

R 

F- 

F (‘ 

2) 

G 

!'h2) 


• 2) 

A [ ■ 2) 

r l- 1) 

D (-1) 

ij ir i 

i) 

r" 

h* (- 

4' 

t\ 

l -A) 

A* ( 

- 4) 

b (-4) 

O' - (-2) 

OP [ 2) 

G r 

2) 

<3 

G ( 

4) 


■ ■ 4) 

e ( 

“4) 

C ( - 2) 

Li (~2) 

*- ( 2) 

' ^ 

- 2) 

G J ’ 

c»* (- 

4; 

B 

.-4) 

c ( 

2) 

G -■(••2) 

:> •( 2) 

»• (• 2) 

i •' ' 

2) 

A 

A !- 

4} 

C 

( ' 2) 

c* 

■2) 

') ( 2) 

£■ (-2) 

r '' ( • 2) 

a ' 

2} 

A?' 

Af (■ 

4) 

C 

7 -2) 

D ( 

-2) 

0 M"2) 

1 ( -2) 

c- t -■ 2 ) 


-2) 

B 

[i i 

4i 

0 

i -3) 

(■' ( 

-2) 

f - 2) 

i •' f - 2) 

G ft / • 2) 


-2) 






























electrical characteristics 

Maximum Rnilngs* 


Vca with rasped to Vs* 

Logic Inpul Voltages with aspect to v» 

.Storage Temperature 
Operating Temperature (T,0 

Standard Conditions (unless otherwise noted) 

Vim = - 16 V ±av 

V,, - OV (substrata voltage) 

Operating Temperature H\) ~ -^25®C 


-aov io +o,3v 
-20V la ""0.3V 
-■65'’C to+150* C 
0* C to -70" C 


’Exceeding these ratings could cause perma¬ 
nent damagti Functional operation d this 
device at these conditions s not implied 
—oporatrng ranges are spsc-tied oolow. 


Characteristic 

Sym 

Min 

Typ" 

Man Conditions 

Input Logic l evels 






Logic 0 


VIL 

Vim 

— 

•3 E 

Logic 1 


VIH 

1,0V 

— 

-0.3V 

input Capacitance 


CiN 

— 

- 

10 P? 

Note Outputs 






Logic 0 


ficvt 

i eoKn 


— 

Logic 1 


"<, 1 . 

— 

- 

500P 

Row Drivers Output Impatience 




750 fl 

- V«|, - 1 isV 

Control Input 



10Kft 

- 

tnooK n 

Keyboard Row input Impedenc* 



2^Kn 

- 

OOKfl 

Keyboard Scan frequency 



“ 

25KHz 

500 pF 750K,vo, " -i£V 


‘’Typical values are a! ■‘■2£i“C anc nominal voltages 



5-1-1 
























Piano Keyboard Circuit 

FEATURES 

s 12 Kfiys per package 
w toudniras proportion;;' to key press velocity 
* Sustain Input to give loud pedal operation 

DESCRIPTION 

The electronic piano chip when used «n conjunction with 
standard divider circuits will make an instrument cioseiy 
.-esemoling a piano in ope'iition and sound. The chip is arranged 
so that the loudness & the notes is proportional to the velocity o< 
the keys its in an acoustical instrument. Additionally the notes are 
arranged to dteawayetarfiailsticrato. A sustain input Is provided 
so thfil the operation ol the loud pedal c&n be emulated 




plN FUNCTIONS 


AY -1-1320 HEaHl 


Name 

Function 

Vgs 

Positive supply 

Voa 

Negative supply (-25 to -29V) 

Vqias 1 

( 3ias supply to keying circuit f-STV nominal) 

ciusi-jin 

Wboi* a togic ! tne outputs are aarnpfid with a time constant o»* 80msec when the key «e. 
released. This -nput simulator- tea action of the loud pedal m a piano 

Key inputs ('«- ! 2) 

These inputs are switched f roir ogic O' to logic 'i' by a break oelorfc maun change over 

Mvitcfi During me transit the 'rout is nelo at or intermediate ! ogic level The 'rarsit lime 
determine? the initial output Ifivet 

C (VI 2,i 

Tne capacitor Cl connected to this pm establishes the key velocity time constant, ().5u c 
gives a Hmo constant of 18 msec 

Output (1-1 i’i 

This otitpi.it provides an cxccrnemiaily decaying DC ieve< proportional to the amp dude o< 
the desired note rne capacitor <‘;-2 determine;; tne carreer time constant. The resistor Ri 
together with G? determines the unoampod decay time const am r na DC isvei is chopped 


by externa' fiv.auancv dividers u- generate tn© note 


OPERATION 

(r. the 'ust condition with the key up capacitor C" is charged to Hie DC vaitago on C2 ?9 chopped via R 1 and it'ocivaer circuit 

-12 v/o-ts When the key is depressed Cl is first disconnected and and the resulting square wav'- u> feci to tne voicing circuits end 

i! starts to discharge through the 39KQhm resistor with a time amplifiers. CKsiotviy discharges through Ri to give the required 
constant of i8insac. At the end of the key travel the final voltage exponential decay o< note; amplitude Whoh the kev id released 

on G" is transferreo io the gate o J r 3 via T2 Tms causes C2to be the SDK damping resistor is optionally connected across C? to 

charged to Vet * 4 Veils The faster the Key oppression me serge' damp the notes with a 110msec time constant 

the "litia: voltage on CP and the loudai the note 






































ELEC'J'RfCAL CHARAGTE« ISTi Cti. 
Maximum Ratings* 


Voltage on any pin with respect lo V S5 Din. 

Storage Temperature Range. 

Ambient Operating Temperature Range. 

Slanda&ri Conditions (unless otherwise noted) 
V 6Q - ~£5 to -39 Volts 

v s $ • ov 

V 8IA8 1 ' v OO 

Operating Temperature (T A ) •- o°C to -70*C 


.. ^0.3 to-30 Volts 
. -65®Cti5*150*C 
.0*01:0 *70° C 


Key input Logic ‘1’ 

Key Input Logic '0' 

Kay velocity time constant 
Output peak amplitude 
Output decay Ume constant 
Dainot"' time constant 
Dynamic range 
Power Supply Current 

J», A e 


•Exceeding these ranges could cause ill 

permanent damage. Functional operation of '*§[• 

thls device at these conditions is not I 

Implied—oporalmp ranges {ire specified I 

below. |. 


Max 

Unite 

Conditions 

-29 

Volts 

Key up 

-1 

Volts 

Key down 

~ 

ms 

Cl 0 . 51.1 F (Not© 1) 

— 

Volts p-o 

(Note 2) 

... 


See Tabi>; i 


ms 

C2 3 2ul : 


OB 



“Typics- values are at -*25* C and nominal voltages 

Note i The key transii time determines trie initial amplitude ol me note. The longer trie time thesofter me note, it the transu trine 
»s 13ms the amplitude will be approximately 37^ ol maximum Capacitor Cl determines tnc time constanl 
Note This is tne amplitude that would be obtained It the key transit Line was zero 



pig,3 KEY VELOCITY WAVEFORMS 


Tabid 1 - TYPICAL COMPONENT VALUES/DECAY TIME 

C2 = 2.2 uF Square wave chopper 





6-ia 













AY-1-5050 AY-1-6721/5 

AY-1-5051 AY-1-6721/6 



4-5-S-7 Stage Frequency Dividers 


FEATUHES 

s DC to 1 MHz operating frnquoncy range, 
a Diode protection on all Inputs 
a Low output impedance in both states. 
b Choice oi configurations' 

1 ) AY-1 -5050 /-.stage Frequency Divider. 3+2* 1 ~i 

2) AY-1-5051 '’-Stage Frequcey Divtcer, 2 + 1-1 

3) AY-1.67211'5. 5-Stage Frequency Divider. 3+2 
4} AY-i-872 VG. e-Stage Frequency O victor, 3+2- 1 > 


DESCRIPTION 

The AY- 1 - 5050 . AY-1-5051, AY-1-6721/Sane, the AY-i-67?)/6 are 
constructed on monolithc silicon chips using MTOS (Meial- 
TMlcK-0*de-Silicon) P-Channel Enhancement Mode: Field 
Effect ‘ransistors. All circuits can he driven from a sme Ur square 
wave input The different types all have the same specifications 
and ars fully ccrroarlbfe with One another. 




fi-20 



















Sis Stage Frequency Dividers 


H Sine e r Square Wave input 
w Low Impedance Pu&h-Puii Outputs 
a Six Divider Stages 
3 - 2*1 (AY- 1 - 1006 ) 

2 - 2 “ 1-1 (A v - 1 - 2906 ) 


DESCRIPTION 

The AY-i -1006 and AY- 1-2006 are inane uthfc frequency diviriiw 
circuits which utilteo MOS technology Each consists of six flip- 
flops arranged either 3 - 2-1 (AY- 1 -i 008 ) or 2 - 2 - 1-1 (AY- 1 - 20 OS; 
and diffused ir.lo a single Silicon suostrah? Each crankcan be 
driven from a sine or square wave Input Each output is u iow 
impedance pusn-pull output which is capable of driving external 
circuitry sis welt as other ’lip-flops 



PIN CONFIGURATIONS 


14 tEAD DU/ 

l m ling 


AY-’-IOOS 

-,q 

Tt|. VIK.V 




t> • 1 q UVK.J! 3 



■■>Msp 

3 ;■ jj'-Miuia-r? 



tlf-'r :• c 

4 • p Chile u 1 ' - t 



--•VI 2 C 

-r J Oulpul 1 




7 a p v-s 


14 LEAD DLAi. IN LINE 


AY -1 -2006 


TOP VnlW 




# 1 * j .,3 OuTRut • , 4 



ri-l ?C 

3 ’3 ^ll OulpJl 2 -? 



va p q 



vc r 

WiC 

A *■» | 3 »A.WK 3 —4 

t> « q Outr.ui 3 .—i- 



'f-uC 

* *p"" 







8LOCK DIAGRAMS 

r—-C>- 

I _- 0-JWWW 

■Win o- i--£>- —o output i.~ < 

iijfU’ 3 c- r l— I -------p-j-—o output ? > 

' r.-. 

j-- out pi .-* m 

INPUT’O.- [ J -]-'*- [ 


i+CH 


j.---1‘>-HftO-JT»UT i 

'M»IT o- -J" J — JL-J" j— {> —« OUTPUT ’ 

““■rfD--r>-oc^uw 

" ,UT s t—0pIH> 3 

I----p>-l!) OUTPUT .! 


ELECTRICAL CHARACTERISTICS 

R»«n9*‘ _ _ m . D 3V 

pm Volage* win rospeol t. • ■ _ s5 . c in - '50"C 

S,«(ieT*"* 11 " Vi. . • .O-Clo-TO-C 

g p ^„,,T 0 np.rau,">«T t 1 ■ • 

„ ,, co „d«i=."* (gmess 0 lh.'*i«e notea; 
>££<,«v **■-**•" v*,gn^_ 

-—_Jj*_-p£- 

'^c CHARACTERISTICS _ 

inputLeak^O® j — 

Input PosrtW Cave. I 8,0 

input Na9» tive LeV ®', ! 

Output P«Git.v« Leva | _ 1Q0 

Output Negative Lovas 

I Supply Cunvnt 
q 0 Noise immunity (Not© 4| J 
A C characteristics . 

input fleptfiuon Raw I "I 

Input Capacitance__j_L_— 

-V^aT.l^^-23'C and ™m,n»i vollago* 

r°Suu nay o«mcmentarity grounded (indiv.du.iiv. 
v jithDUT damage to■ * ■ d a , ; follows 
8 O.C none innw»«» ;. s) . 2 V 

1 “ BateNJ "'Van ’ 0 -V 2 I T n"» 

’O" state N.l 'hs u v « 


•MOMding " u ' d ‘;““o 

cemisncr.t <t>nag8 fiticAicmI operation tf 

thaw *««• « «** i,i 0 d 

implied--operating range* sro spes ifu-rt 


V(.o - "27V, Vm'“ ” iav 
Vi, G -- -27V. Vr>;>' '1 ? - v 
Vgp* -28V 


3 v.to notuaed internally Used tor ouipu. neg^vds 

i. Outputs Change on the negative tra a >■• 
monks 


TIMING DIAGRAMS 


- r .ru wr-v jw 

t_j i.n-n-ri- 

v ...j— v—r ’ 

,...__■-L_ 

XTLP-hj 

■ vn u 


■ "uTLaruJ" 

1. 

■ L _: 


CIHCUIT TEST CONFIGURATIONS 


■( L I 0 K > 


pi" r “ 

H r p p' 

1 r 

buffet OUTPUT TEST_LOAO_ 


-u-u-vm-rni-PJ ' 1 

' T_J-T- r " 

■ -uxnJ"ir 


-u-uT-n-TU" 

--T---T— 

- -umr 
■ ! -L_ra,_ 

AY-1'2006 


->t[pT' 

TRIGSCR O UTPUT TEST SOAP.- 


IHWm 


SSSsraSStf* 



















flniai 

Us 

mm 


AY-1-TCJ07B 


7-Stage Frequency' Divider 

FEATURES 

m Sine* or Square Wav* input 
« Low 'opscfance Push-Pull Outputs 
s Severn Divider Stage;- 
» Pow-sr-OivRoset 

DESCRIPTION 

The A Y-1-1007B ia a monolithic frequency divider circuit which 
!.tilizos MOS technology. r fie divider circuit consists of uevari 
top-flops arranged in a 3-2-■'-1 configuration and diffused into a 
single silicon substrata The circuit ce.j'> be driven »rom a slnn or 
square wave 'nput. Each fljt-floo has a low impedance push-pull 
output which % capable of driving external circuitry as well as 
other fiip-Mot'3 


PIN CONFIGURATION 

14, LEAD DUAL IN LINE 



TYPICAL APPLICATIONS 


EPtC 


ru © 


1 

_J 


j© © w 5 -' *® 


BLOCK DIAGRAM 



OUT'5 

'-MzAzi—D> 


IN 4 I-1 _r-x out 


Our*? 


CIRCUIT TEST CONFIGURATION 


-C 

OUTl'UT I—CD 
OUTPUT 3—-O 
ourour 3 —cz] 


r~i —output f 


Z )—-output e 
3—OUTPUT 5 


— INPUT MMBHS l_l |_j 


i EteC tfilCAL CHARACTERISTICS 
lrfaKiR' um B8,ln9S * 

pm voltages wittiw«*toV., 

Sto^ CondMons iuniens *>»"«» «-•» 

_ n , v ,/.j-27Vx 2V Yes - GN-’ 


. .-30V to n>3V 

. 55 * C to f150*C 
.. 0 * C to * 70* C 


Functional operation of this 

not ,mpli*?*~cp&«itirs9 ranges ai especWta oeiow 


Chat'octerlr.ll'^ ^ 

Win 

D'c’charactefiist’CS j 

inf.,'. Lenhone 

Input “osiliele Uriel ] 

Input Negative Lt;vc-I 

Output Poaitivs l.ove : 

-9.0 

output Negative i- 8 ' 01 

- no 

15C> Supply Current 

D.C Noise Immunity fNote 2) 

AC CHARACTERISTICS 
input Repetition Rata 

-1,0 

: D.C 

‘Dybicil valuta are »> +25*0 ^ m*» * 


i w 

w f 1 

Unite 

r- ! “ 4 

T 


i _ 

-lo j 

pA 

Volts 

... 


Volts 

1 I 

j -1.6 | 

Volts 

1 


| Volts 

| 

i 

I mA 

r. 

j 14.0 

j Volta 

1 

50 

! KM 2 


j 5_ 

L. 


Vo, ■* 
\! w . - 
V oo - 


Conditions 


27V. V in > 


-12V, 
-£?V. Vo» : ' J ’“’12V, 
-25V. 


Vm^OV 


—”rrr +25*C and nominal voltages, 

WIH1 V ” . , ... u .. d internally Use« l°r oulpuu»!ia"' a s “! > ' ,| r only 

m benwn-ll** 1 " n * vll,u * lly) «•*«* * wt mm* » * « v »' isl4Ko ' ” 5 

’ tn the device. 



Note 

UtD.MW.—V - 

rarnaae to the device, 

2. D C. noise immnmly **■*«•»“.“5- IV 
rstaloN , .„J -^,. 0 „ I i...2,- M1 = lv 


•■0” State H.L-V*-0f 
prTPICAL TIMING DIAGRAM 


“I 


* -»j" xi-ru~ 



„r"L. 


-w 















AY-8-1000 


PRELIMINARY INFORMATION 


2 W PL Frequency Divider 


s Crystal oscillator npgt 
o RC oscillator Inpul 
ffi Sine or square wave input 
b Divide by 2 16 , 2 15 , 2 f£ , 2*\ 2 lli . or £ 7 
a TTi. interface capability 

DESCRIPTION 

Tho AV*9-1000 IS a monolithic frequency divider that lisps 
General instrument’s bipolar logic. This logic uses an ion- 
implanted integrated in|3ct«on technique. which allows 
operation In environments normally too hostile tor average MOS 
technology High speed low power operation and TTL interface 
capability are also provided using Ibis technique. 

The AV-S-1C00 inverter inputs are intonssb for usu as a crystal 
osclIlator/arnpIIf ler: however, they may bo used as a normal logic 
Inverter •» dee)red 


lfC -lW- M- CHARACTERISTICS 

7 0 Volts 

•Exceeding tries© 
permanent damage. 

ratings could cause 
Functional operation of 
,so conditions is not 

. 

. zoomA 


ranges ara specified 

"aoply currant (W. 

... 2QrnA 

below 


tCurraii.--;- • . 

-55''C‘.O'150 t C 



" .jetsmparatura. 





PIN CONFIGURATION 

10 LEAD DUAl IN LiNE 


Ground £ »■ 
Oui - C ) 

wqj 

•riecioi C 4 

•- , ,C! C 6 
m 1 '3i d B 
inrMCSd 7 
•naiBiC 6 


a.'"'- 

, MCAH D COMOITIONS (unless mhmvlss nosed) 

SlA ' ,,- ,01)00 (Resistor tram Vcc »inioctinn input Pm) 

v« Outputs tied to Vcc * ^ R “ ,M 


ish'ir 

•4p.c 

•i fa sutr. j 
’1 Q l/i 3 (Ci 
vpj-atBi 
'■□Si'iecl? 


J3LOCK DIAGRAM 


supi 

Rigti 

LOW 

til 

High 

low 

Mich 

(Vs 


Chertielarlfttlc 

ply Current (Now 21 
. Lov - e i Outoul voltage 
Laval Output Voltage 

Levs, Input v/c,ilB 9 e 
Level mpul Vonnge 
tevol input Current 
1(l ^ 750m V) 



Win 

T>p ”. 1 

MM 

- 

1 

15.0 


4.6 


5.0 


0-2 

0,4 

... 

0.7 


- 

0.4 


- 

j s „ 

100 



"Tvolcsl values are si -25"C and nominal voltagss 

. t ^ OperationIs a lunction Pi tho current through a teslstor trom V cc to mieollon pm TH. 
i Normal device voltage is about /50m J. Operation 
nutouts are open collector devices 




- 











INPUT CHARACTERISTICS (;st -25 C C) 













APPLIANCES / SECURITY 


NUMBER 


DESCRIPTION 


FUNCTION 


24 nou r programmable 
ab e yrUo'1 time swnct» 
4 <31911 clock 


CLOCK 

TIMER 


lory/eredit accumu¬ 


lator lor jsc Ip Min-operated 
equipment _ 


COINBOX 

CiRCun 


ration smoke 
try m a single 


Complete ioj 
qetocior arc 
CMOS LSI 


DNIZATION 

SMOKE 


MEM4962 


,'EJECTOR 


AY-5-1231 

6-2 


AY-5-1232 

6-2 


AY-5-1233 j 

6-2 


AY-5-1250 1 

8-6 

















|>|N FUNCTIONS 


AY-5-1230 AY-5-1231 
AY-S-1232 AY-S-1233 


Clock / Appliance Timers 



FEATURES 

e 4 Dign Clock 

Orivfis 7 segment Fluorescent Pisofays 
a Programmable switch on ana switch off tines. 

at nepoatlng or non-repoating oreiHiion. 

a Dimming control. 

* Power on res>n, remains rase: unt.l lime ip; sm 

* Foolproof switch on/o!< setting, if switcn off time not 
orograrTifned oulout stays an for '0 minutes only 

at Non multiplexed eoi -nputs for .ov/ raciiated noisa 
is Indication of set alarm state 
n AY-5-1230/123a/1233:|50Hz Input. 2A hour operation 
B AY-5-1231: SeVROHz input. 15/24 hour operation. 


DESCRIPTION 

The AY-5-1230 Series Clock/Appiiance Vlmais are circuits 
designea to provide a four digit clock display and automatic 
on/ot( switching of a TV or other appliance at any desired time A 
typical application would be the use of nr, AY-5-1230 Series 
circuit with GJ’s AY-5-832Q TV Time/Chanriel Display circuit to 
provide a clock display 3rd automatic on and off .switching of tr* 
TV at any desirea time. 


PfN CONFIGURATION 
28 LEAD DUAL. IN UNE 
A^-b-t 230/1232/1233 

v^tcinj ri<*-. 


H, ttliBiila/Suff 

Scj a u jij'ui H 


Sig POu't'U , j/ J dui C is 
** COwlBrtflt All a 

40 LEAL? DUAi <N UNE 
AY-5.1231 


SO. 60ft Selw 


MiiVitfi |fip.-r f 

v u. lhautey SjpsV) d i 
Pogr.uni C Omhii I 
S-giriBfM f Ouifui t 

4»0OiU»i K Cv!ii’.ui/S:rofc<i a.r n 

fCinnKtooirtmiM^Cb* q S3 
* Outoul.S' '.</ [J vu 


r? p ECO,? Se-] rr.cn’ 
30 p VpB 
«< Ca.i-friinput 
' ■' (Rosnton Ay-5-1 
! UN.VFF ifipul 
P Mulliplw Or-airai 
p Switch Output 
' Orfju' 
p mx a outp.it 
MX .1 Output 
MX i Output 

Cn'iih OuJ|J.;I 

Sag A Cutect/J' 

bSMj.BOutavM' 


St h Soi/Ulo inn/ 
st p Bcc'zscaiircpt 
s bv Si 
• S R* C 

t.t D Cane.- Input 
scacr iiipu" 
ii b ON/OFP 'rppt 


10 


! MX ; Uotp./ 
MX i Output 


P NC 

:i mx s Cutpu’ 



AY-5-1230 
Pin. No. 

AY-8-1231 
Pin No. 

AY-5.1202 1 AY-5-1283 
Pin No. Pin WO. 

Name 

Function 

1. 

1. 

1. 

1. 

Vss 

Positive Supply 

2. 


2. 

2 

Set ON time/ 

Set OFF - time Input 

When tenon tc logic '0' the ON time is displayed; ano the Set 
hours and Set minutes Inputs operate the ON lima counter 
When taken to logic ‘v the OFF time -s displayed and the Sot 
hours and Set minutes inputs operate the OFF time counter 
When loft opon circuit iho time Is displayed When either Set 
ON or Sot OFF ig activated the Switch logic Ib set and the 
switch output wilt operate at the set times. 

3. 

4 

3 

3 

Repeat Input 

When conned &d to logic ‘O' the Switcn output comes onevery 
24 hours. When left Dpen circuit the Switch output comes on 
only once alter which the Switch logic is reset. The switch 
logic can be sot again by pressing Se; ON and Set OFF', 

4 

5 

4 

4, 

Set ON Output 

This ou tput goas to logic '0‘ when an ON time has been set. It 
returns to T when the switch logic has timed out o> has been 
cancelled 

5. 

6. 

5. 

5 

Set OFF Output 

This output gees to logic ‘0’ when an OFF time has oeen uet, m 
returns to ‘V when the switch logic has timed out or has been 
cancelled, 

6 

Vi. 

6 ' 

6. 

Clock Incut 

The timing clock » input to this pm. Hysteria's ia provided so 
that Iho inpul waveform is not critical. 

7 


7 

7. 

Set Hours Input 

When this input is taken to logic '0' ihe hours oouuter is 
advanced twice per second. 

&. 

13 

0. 

?. 

Sat Minutes Input 

When this input is tnnen to logic *u' the minutes counter is 
advanced twice p«r second. During setting Iho minutes coun¬ 
ter does not overflow } nto the hours counter. 

S 

14 

9 

& 

Vu. (Display 
Supplyi 

Tne on chip pull down resistors provided breach n.*ghvoltage 
output am connected to this pin. When driving tli.prescent 
d^play this pin in connected to -32 Volts. 

10-16 

16-21 

10-16 

1C’16 

7 Segment 
'Outputs 

High voltage outputs capable of driving fluorescein displays 
directly At logic 'O’ to display They have on-chip cull down 
resistors to V.„ L 

13-16 

18-21 

13-16 

13-16 

BCD Outputs 

In the BCD mode the time dam is output on these pins 

17 

22 

17. 

17, 

Colon Cutout 

Tnis high voltage output i$ enabled on MX3 time and flashes 
once pck second. 

18-21 

23.24 

27.28 

18-21 

18-21 

MX4-MX1 Cutouts 

Tnese outputs are switched to logic 6' successively to select 
the digits, MX4 is ‘03 hours, MXi is units mins There are S time¬ 
slots the fifth being blank. These outputs are high voltage and 
hav3 on-ehb puff clown resistors to v L l 

22. 

3i. 

22 

22. 

Switch Output 

Tn« output goes lo logic ’0’ when the ON time is reached ana 
ron rns to logic T when the OFF time Is reached If an OFF 
lima has not been programmed tro output will rate it to logic 
Ttjn minutes shut the ON 6ms has been reached The output 
will sink 30mA 

23. 

32 

23, 

23. 

Multiplex 

Oscillator 

Nci u^ed normally. An external capscilor can heccmneciodto 
reduce the mux frequency, or an external dock can be applied 
i‘J required. 

24 

33- 

24. 

24. 

GN/QFF Input 

When this input is taken to logic ’O' tne switCn output Is 
alternately turned ON end OFF. This input has ahtippunce 
logic to prevent maloperation. 

25 

35 

25 

. 

Cancel Input 

When this input is taken to lofl-.c ‘0‘ tne Swlicft logic is rose) 
and the Switch output turned otf 

26. 

97 

26, 

26. 

Vgd 

Negative supply 15V nom. (11-19V) 

27, 

38. 

27. 

''7. 

BCD/7 Segment 
Select 

When tnis input is wired to logic ‘O’ BCD ooeratlor results 

28. 

40 

„ 

~ 

In hi pit Input 

When this Input is taken to logic ‘O' display outputs are 
switched off. This input can be used for display doming 

— 

2 

— 

— 

12/24 Hour Select 

When connected to V ss selects ^2 hour operation. 

— 

10 

— 

— 

50/60Hz Select 

When cpnnoctflo to v$s selects 6 GH 2 operation 

" 

29. 

- 

~ 

PM Output 

This output is on during the PM Period, it is a high voltage 
oulput enabled at MX4tlme slot 

~~ 

39 

28. 


Sot/Run Input 

Wien taken to logic ‘V, the dock ts stopped and tha 
seconds counter is reset to zoro 


34 


.“ _ 

Reset Input 

When taken to logic O', this input resets either the cIock, the 
"cn" timer, or m« "off hmo, depending on the stele of the 

Set ON and Sot OFF inputs 


NOTE, 

1. AIJ inputs have a put' down rea-etor to Vpj> 

2. At power-on the chic is reset but the clock dose- not start to .fount until eithc r the set fours erf set minutes button 


has bean pressed. 





























PRELIMINARY INFORMATION 


Cooker Timers 


FEATURES 

■ f 2/24 Hour Clock 

« 3 Timing Functors Srart, stop. Dorati on 
® Separate 'minute minder" fgnclbp 
® AY-fi-1250 Dally 'uoeat mode *o r central heating 
control 

is AY-5-1251- Temperature programming 
capability 

« Three hign current timeo oulDutr, 

DESCRIPTION 

The A v -6-i 250/ i2$i are designed to »e incorporatso m domestic 
cDokers/stoves in addition to the three timing functions for 
automatic cooking the circuit includes a count-down timer 
(Mrsuto Minder). Control of an ov*r> temperature ?cr Z of the 
outputs is also orovidad 

Sofn clocks ana automatic timer controls car- use 12 or 24 hour 
systems, but when the '-Z hour moo* a P.M. key is pruv,ded to 
Qnatiie the controls to bo set more 'ban 12 hours ahead 


j PIN CONFIGURATION 

20 LEAD DUAL IN uNE 


AY-0-1250 KEYBOARD FUNCTIONS 


fa) 12/24 
houi 

i'b) 50/OQHz 
(ct Separate 
Minute 
Vuider 
Display 

Id) Time 
Switch 1 


(et Time 
Switch 2 


(t) Repeat 
Mode 


fg' Auto/ 
Manual 
Swiich 


Wiring selectable option. PM indicate' 
whan In 1 ? hours 
Wiring soiectaole option 
• I) 4 dign disnlay - when riiintite minde- 
selected man ••squired ceriod is shown >n trie 
time window. 

(li) M'iiulu minder display is continuously 
shown on p ser,arete- 3 digit display. 

A -Miring selectaole- function. 

(0 When time buttons depressed than digits 
advancer? ai ?.Hy 

(ii) Digits advance ei 2Hz for 4 counts and then 
at 6Hi 

A wmg selectnolf function. 

(if Dh selecting an automatic limed (unction 
that function remains displayed for 5 secs 
following release or the select key or incre¬ 
ment time keys. 

(il) Function remamsdleplayed until another 
time function is selected 
Wiring selectable function 
(0 Cooker application - all automatic 
register memories revert lc zero alter time 
period complete 

fit) Central Heating application Ojlputs 
activated each 24 hour period 
A wiring sii/ecfaoie function. 

(i) When automatic time controls ate $e- then 
automatic cooking is set immediately the 
AUI'Q lamp lights 

(if) i i this inode the automatic time controls 
are set but the AUTO lights are not illuminated 
(except to llasn tg rv/iciate error conditions 
in time setting) tirtii (he Auto/Manual Switch 
•s depressed 


AY-5-1251 KEYBOARD FUNCTIONS 

!a ' 12/24 A key position lo be permanently wired to 

^our select 24 hour opi»rat>on ana tail open 

circuit <o r *2 hour operation 


(liiSOfSOH?- 

'ClSoparfllt* 

Minute 

Minder 

Display 


A wiring selectable op! ion 
A wiring selectable function 
fl} 4 digit display - when minute minder 
selected then required period is 
shown in me time window, for o 
seconds 


(ii) When minute minder selected the re¬ 


quired period is entered into an ad¬ 
ditional 3 digit display end remains 
illuminated 


jdiNumbar A oush Butter kcycoerd with me numbers 

Keyboard 0-9. a PV key ‘or 12 hour system, ora a ciefi 
key (If oven temparature control is possible 
then tm? temperate re srsitirg coulr be eithet 
linear on a poten:iomater or digital 
ihrough tne keyboard, oavirtg first de- 
oressed a temperature key) 


OPERATION 

nrr initial switen-en ah registers preset to zero and ahy display 
gglected reads a single 'O' in the fi.H.position. No cutpu. is In the 
AilTO mode 

-nimwina ony AfJ line failure tno in|lia> cc^M-on is f2' 
rfibilsbed Provision of b capacitor in the power supply circuit 
en able the cmn to remain active during AC hne transients, 
r mu external emfloy oscillator s connected then Irur tirna is 
maintained (romtintteryoperatlrm {though not displayed! during 
Jnwvr failure Time memories *•'* Also stored. On resumption of 
me main power a lamp is lit to indicate that a failure hMoeoured 
Tha standby oscihato' is o' acceptable accuracy from passive 


Time Display 

a 4 digit display of time in .either 12 or 24 hour moue as selected 
Ar L bo is provided to indicate PM times when m ihe 12 hou» 

mode (this coo'd tie ineorporajeu n the dismay? 

M;icn the 'Set turif' Key is aeprassua the display bianxed. and 
the coloh commences to flash at 1H*. The time tSrehtered through 
the keyboard commencing v/lth tea hours. Oigcs are displayed 
Irom the RHS; m this manner leadmg zeros'■©main suppressed 
A second depression of the 'Set Tine’ key causes me uoion to bo 
Illuminated constantly and the Clock to operate from the mains 
supply The internal ‘seconds' register starts to operate from the 
‘(T stale. 

In the event of elato© time being entered (mote wan 23 noun, or 
69 minutes) the colon continues to flash and buzzer sounds a’ 
1Hz. modulation The clock fai's to start ^alae entries can be 
deleted by depression of the ‘dear Key' 


Automatic Output Control 

Two outputs (3 On the AY-S-‘25i) are under tno control of the 
automatic timer. The controls arc "Set Start 1W, "Set Stop 
T]me" and “Set Cook Duration', -altnough on any manufacturers 
model only 2 of tne 3 are necessary 

Two keys car? be-used for each co'rtrolicdoruput.ofaiwmatnrcii 
on© pair ot keys with a 2 <or 3) position switch so direct tha 
information to tne usievant chip n put can be us©d 
(a) SETTING 

Set Start Tint© When depressed this Key irnmeriiaieiy liflnts up 
and the time display colon commences rc fiash The dixpinr 
shows the previously set Start Time i( a cooking period fe 
incomplete, ora single - 0 - on tha RHS if no period is underway. A 
‘Start Tima' is fixed with the same Set Keyo To set a time, 
commencing with 0 hours it is necessary to give a single 
depression to the Get Hours Key (counting commences with 0) to 
illuminate Hm hours digit. 

It TimeSwitcr. 2 is m the smlicpositior- then tne display maos the 

"Start Time'' until another function '8 selected, otherw.se it 

reverts to Real Tima and a constant colons secs after releasing 

the Set Time. Sot Hours or Set Minutes key 

Tne relevant AuTQ iarnp lights after tms o seconds if a Dock 

Duration cir Stop Time haa been previously $&t. Autn natic 

Cooking is set (Sue note Paragraph J.gj 

Set Cook Durntion Functions as the ' Set Start Time' switen. 

except me Cook Duration switch, is illuminated. The relevant 

AUTO lamp tights if a Stop Time c Start Time has been 


previously set. although ’he AUfO lamp hashes and automatic 
cooking i> not sut if the cook duration is greater than the aanod 
between -mb real time and selected Stop Time. 

To enter ^ Cook Duration of less than ona horn i? >» only 
nc-cessar/ to use the 'So? Minutes’ button 
Set Step Time Functions as the Set Start fim©’ Switch, except 
Slop Time' Switch ><i iliummaled. 

The relevant AUTO lamp nqnts 

|f a coal, duration has ueon sosccted which is greater then the 
period tietwfi&n the real nme and the selected stop time 1 'nsn tne 
AUTO lamp fla!,fios aric automatic cooking is not set 

{£» USE 

Fully Auiumatim The urns controls art, set ana the oven 
lempomiufa selected. Wnen the real time reaches the Start’nma 
selected (o' ‘.no Stop Time less tha Cook Duration) the relevant 
output is activated ana .wants the ON lamp. At the conclusion of 
cooking both tne AU t O a na the ON lamps are extlnguishao and 
the relevant timing regiscari, i evert to 0 Tne audio output gives a 
1 Hz cycle fc 10 sens 

Wnnre the Auio/Manua putton is included then cooking can be 
termmfilrid S’ any ti^ie by the morncr.iavy cfaprosamn this 
switch, wiich will also C@ncftl tne AUTO atrip 
Semi-Automatic The 'Stop Time' <s set and oven ternperauru 
selected. Cooking continues untu the Stop Time is reacnod. 
wher the AUTO and ON -amps are extmgu sned ana tha Stop 
Time rr jister rpyeris to r.nro The audio 0*11 out gives a i Hz cycle j 
for 10 aec& 

Manuat: Operation is sor city through the oven temperahi re select 
swiich 

INFORMATION RECALL 

Times sheeted for avrtomatic operatior can be displays ‘or 5 
seconds depression of the appropnrtu kny. 

If tne Cook Duration is interrogated during cooKing inert tea time 

remaining Defers comcletion is dispfayitf 

MINUTE MINDER (S'.iort Term Alarrrn 

Depression ot the 'Mimris Mincer' key liumunates in at sov ana 

displays the contents of the MM register The displav coior< 

flashes. 

Time is entered from the keyooara - any increrriBmof 1 mmule is 
Accepted from t minute to £■ naurs 59 minutes. 

5 sees, following the lasi entry key the colon ceases io Hash and 
the countdown commences (providing no false time has been 
entered - gmeter than 9 hours or 59 minutes Uso of file doer key 
will delate a false entry). It Is important Ihat tho countdown «twls 
immediately ; ollowmg tms 5 secs period rather than to couple 
tho MM register to that for true time for in thio latter case an error 
of up io :)9 sees, can occu r and seriously distort chert periods 
Fo* - mod *is wnn a ew pa rate MM display the tirrie r ema|ningioiho 
end of the selected penco ;s continuously shown For single 
disolay models this time can ba displayed by depressing the MM 
key and remains for 5 tecs following release of this k-sy. 

On completion of tne selected period trie aueio output gives a 
continuous tone for 7 runutc- This tcn« can oe cancelled oy 
depressing tno MM key 

T ho minute minder setting can oe cancelled at any time by 
deDressing the MM key followed bv the clear nev. 









CENTRAL HEATING OPERATION with the AY-5-1250: 
For this application an additional output is provide? which is the 
composite signal o' the two timed outputs } n order to minimize 
external peripheral circuitry 

Trio Repeat mode Is selected tc i.v;iblo trie tv/o Untie periods to 
remain stored and operate every 24 hours. 

Seeing Star) srid Stoo tunes is achieved in precisely the same 

manner as previously described 

Cancel 

Cancel buttons ere provided tor each output which, when 
depressed, extinguish the relevant AUTO lamp and Inhibit the 
output signa- 1 even though the Start and Stop times remain in 
memory The output car. ca restored by depressing the Start and 
Stop time keys, whereupon the AUTO lamp lights up 


On/Ott Control 

This is a bistable action switch which changes the start cf the 
composite signal output switch. Iftheoulpul were OFF then this 
switch turns it ON until the next Stop Time; if it were ON then it 
becomes a witched OFF until the next Start Tj m e 
Further depression again changes the slate 


ELECTRICAL CHARACTERISTICS 

V D£! ...9V 

Operating temperature range. 0*C to 70®C 

Clack Input .SOHzorfiDH* 

Internal Multiplex CtocK frequency. lOOKHz 

Display outputs ..Suitable to drive lED displays ud to 0.5” ngn. Segments sre driven directly 

Fluorescent compatibility 

Tm’-ed outputs.. ...3 timed outputs are provided with 30mA drive capability to operate a 

trlac or relay 

Audio output .Continuous tone for 30 seco. on completion ot minute minder period ih? 

cycle fo- 1 10 secs, on completion of automatic cooking {.pr.od. 

Tone 1KH?, — nominal 

Keyboard .Keybour.ee protection and two key lockout prcviqe/j. 


!M£ DISPLAY 


F~1 E-3gi] ™s 

JTTS] *«NUTii minder DISPLAY [OPTIONALi 

r“| TO SE’’ TIME: 

MINUTE jr ~ s r—i 

MINDER Q£) [ J tO SET MlNlr rfe MINDER 

O/P*3 p/P^S O/P** 1 

□ □ 

Q'P* FOR 1 

SIKDID □ "■"-DW.ATKW 

’til AT IONS j 

®i® ©AuTOSer 


CZJ CLw 

I” _j SET HOURS 

□ SE1 “ ,KUTi;s 


MANUAL/ AUTO f OPTION Au> 


“J2Z0i 




(§) | (§) (5£) CV p ’ ° N lOR ,v -N =ROM TSIAC/REuAY 0/ e ';- 'C-P - 

' I I I I OANCE-, OPERATES WHEN-N REPEAT MODE | - D o 

[ L..J L—i ^ CENTRAL 

j j HEATING 

f [ID 0N/0PF 0/P ’ °’’^ RATE ^ WHEN IN REPEAT MODS ) APPLICATION 

Fig. ■ TYPICAL AY-5-1230 CONTROLS FOR INCREMENTAL INPUT COOKER TIMER 


MINUTE 
MINDER Qy 


0 g ~3Hi riME Display 

□LSfll MINUTE MINDER DISPLAY jOPT|ONAu; 
[ | 'C' ,c F SET T£MP 

j ] to SGI TIME 
j j Tq se t MINUTE MINDER 


NUMBER 

KEYBOARD 


TO CANCEL INCORRECT ENTRY 


O/P‘1 O/P'? O/P‘3 

□ □ □ ’°S£T" 3TO '"«’ 


[pm} (FOR '2 HOUR SYSTCMSj 
j” J AL'TO/MANUAi lOPTlOhAl.j 


□ □ □ — 
□ □ □ "» 


DURATION" 

SET 'START TIME 1 


B- 


'O/P OUTPUT 


© 0 © MfOSSl 

® ® <s> O/P' ON (DRIVEN PROM TR|AC/RSlAY OUTPUTj 

|f|g. 2 TYPICAL AY-5-1251 CONTROLS FOR FULL KEYBOARD COOKER TIME 
















AY-1 -8622 


Coinbox Circuit 

FEATURES 

m 63 Credit Capacity 

ts 2 Special Selection Options. 

B 7 Different Com Inputs 
it fcaay Price or Program Change 
n “Mateo Selection" Control 
a input Noise Rejection on Chip 
tit On Chip Clock Oscillator 

APPLICATIONS 

in Arcade Equipment 
s Vending Mach bias 
m Gaming Devices 

b programmable Counters and Timers 

DESCRIPTION 

Tuts General Instrument AY-i-6622 is a single nonolltmc P 
channel MOS/LSi Chip designed fo r use as a credit accumulates 
m coin-operated equipment. The chit? requires only a power 
supply and a coin acceptor to comp;out lh» cash register suction 
Corn Inputs allow 7 different coin o' paper denominations to be 
used. Both credit and bonus price are easily changed in (he field. 
Two special selection options may ce programmed 


PIN CONFIGURATION 

tO LEAD DUAL IN LINE 


Vr., • > ovv»' Supply C 

• 1 W 40 

P2 Uni P'iCc Ccntroi CL 

29 

FI JCil ►’’ice Control C, 

3 33 

b‘ Sonus Cradu Control C 

rt 37 

B2 Sonus Credit Centre' il 

5 36 

C£ Coin ‘-put C 

6 32 

►-teller Reset 17 

7 M 

v’rci Supply C 

a 33 

•52 Coir, inpu* C 

9 32 

Gl Oc :0 input r 

10 31 

Toil f’yn-. r 

r 3S 

Resirqomie C 

1L 29 

R4 Bonus n*9'4ier Otilp'Ji c 

>3 28 

P.3 Bonus Rr.Li:s|.y Output 7 

i« 2/ 

”2 Bonus I’rs sWOulp'.il " 

■ Ai 

Hi ficuss Ouls'Jl n 

18 20 

cr Cniil:! Input |; 

•3 23 

CimiS input c 

-9 22 

f,5 Cit'Oii lisut C 

20 21 


iccilon 6r»ihlt •’ 
■sniion E liable t> 
r.nribl-' 7 


Clog* O 


.Cltor 


Rcalskv 
fj CS1 Cr«T* input 

r’foaroi’i Sb'bcI mput K £>l 
p Select Inpul P52 


BLOCK DIAGRAM 



PROGRAMMING THE AY-1'8622 


The AY-TB622 has been designed for the maximum versatility 
compatible with one package. The user can program the c tvicD 
to operate with different currencies and with different pricing or 
credit structures 


Currency Programming 

Cl C2, end C 3 form I he 3 com inputs, with weighting as indicated 
under the pin lunetion seel Ion otthls datasheet. If, for example, a 
nickle ( 6 s ! is chosen os one unit, a dims fiO f ; would have a weight 
of two units, a quarter (25 : ) a weight ofhve units, etc. Ir.thiscase. 
the user would program his coin acceptor to produce a “1 ' si Cl 
when a 5* piece is deposited a "l" at C 2 when a dime is deposited 
and a ‘T a: C3 when a 25* piece is deposited 


Pricing Structure Programming 

Pricing structure consists of three controllable options Unit 
price Ccntroi, Bonus Credit Control, and Program Select 
Control The first two ol t.hr.3® control how many play credits the 
customer receives tor his coin deposits. Program Select Control 
determines how many piay credits are used by his various play 
options 

Unit Price Control is through inputs Pi, P2. and PS I? for 
example, 50 is one unit, and 105 is one play. P2 would ba bed to 
logic “ 1 ". If 255 is one play, the PI „ P2, and P3 would all be lied to 
“Q r 

In many applications il is desirable toprarenttne customs'-with 
an incentive lor depositing additionel money to receive "bonus” 
plays For example, two plays for 25®. five piays for £0® This 
option is controlled by the Bonus Credit Control. 


TYPICAL APPLICATION 


'GAMES REMAINING' 

0—<;— 


-©-<}- 


'SPECIAL GAME' 

-©-<r 




w 


re-jit >.. 


ions: 

<-—V-A— 
lftDfl 

<-—Vv\— 

100 Si 


1 UNIT ”5* W 1 !. 001 . 


I ] 


? Cl VI i'C m B S... 


I_ 


Bonus Credit Control, ia derived Ihrou^n inputs En and 32, >r> 
con. jction with the Program Control Matrix. Unlike ihe unit price 
control section which drives the credit accumulate-directly, the 
Bonus Credit Corerot drives a shill register whoso outputs, R1 
through f;4. form part of the Pregrnm Control Matrix. 81 a-id B5! 
centre 1 how man 1 , units are required to Increment -he shift 
register The first bonus olaces a “O 'onto Ri. the second moves It 
to F 2 etc 


Control Matrix 

The Control Matrix consists of three sections. SI and -32 form the 
Program Select Outputs, Gl through G7 form the mpiJs to the 
Credit Accumulator, and Rl through 84 are the Bonus Register 
Outputs The Credit Accumulator's 6 bit up/cl own counter, is 
automatically placed in the "up" count mode when a coin input is 
made, and a "down 1 count mod 1 ? when a selection is made 
Although single selections and unit price inputs arc bid directly 
Into the counter, special play options and bonus credits _ikc 
entered through the matrix. A “0" on Gl places i credit'debit intc 
thi counter a ”0" on <32 places Z credits/dubio into l ne counter. 


Typical Example 

In the typical application shown ors unit is 5*. Pi, °2, P3, Bl and 
B2 ire tied to “0" As a result, there is one play for 2E e from the 
Unit Price Control, and one bonus for 25 s By tying ft > to Gl, the 
bonus gives a bonus play for 25\ resulting in a tots! of two pi ays- 
fo' 20* ft? is tied to G:2, 30 that the deposit ot an additional 25‘ 
results in three additional plays or a total of fives »lays for 60* 


1 DEPOSIT MO fit 
MONEY 


1 "S»rCl.M GAME - * 6 P 




I L_*—V special 

1 m y—+ gave 

-1 «• ENABLE 


-of *S . PLflV 

_ J ENABLE 


ITO f'.EuAV ETC'- 


PLAY 

special' 

GAME 


CONTROL MATRIX 


-12V 































PIN FUNCTIONS (continued) 


wrcnMi i vi'’ 

Coin inputs a r e encoded into a aeries of puisea by the coir 
encoder. Theso pulses aro fod into me unit price control divider, 
controlled by pi, F2 and P3, and into the bonus credit contro 1 
divider controlled by B1 and 82 The output from the unit prlcp 
control divider goes to the 6 bit memory The output from the 
bonus credit control clocks a 4 fc;t shift register The first bonus 
credit places a "0" into HI, the second moves the"[>" to R2 etc. 


The memory, a 6 bit Up/aown counter, is placed into an "up" 
count mode when coin Inputs are made, and a "down" count 
mode when selections are made Input to it comes from the unit 
price control and from a pulse generator controlled by Gi-(37, 
Si, S2. pi-R4 and Gi-G'<‘ form the program control matrix and 
are interconnected by the user to allow (he programming of the 
number o[ credits triggered by bonuses and debits triggered by 
selections, 


m FUNCTIONS 


Pin Wo. 

Name 

Symbol 

Description I 

i 

V S5 Power Supply 

Vrjg 

Ground 



2.3,40 

Unit Price Controls 

P2.PI.P3 

Pi. »Z P 

determine the 

price in units per credit by the following Maim; i 




P3 

P2 PI 

Units per credit 




0 

0 1 

t 




0 

1 0 

2 




1 

0 (1 

3 1 




0 

1 t 

4 I 




0 

0 0 

5 

A, 5 

Bonus Credit Controls 

81,32 

Bi. B2 determine the numoer of units nseaea io increment the bonus shift ! 




register 

ne place as follows \ 




W. 

01 Units per bonus Credit |- 




0 

1 

2 ( 





0 

4 1 




0 

0 

5 j 

8 ,0,10 

Coin mDUts 

C3.C2.Ci 

01. C2, 

73 art: com inpi 

is Inputs are wmg rued as follows 




C3 

C? Cl 

Weight 




0 

0 0 

no input 




a 

0 1 

i unit 




0 

1 0 

2 units, 




0 

1 1 

4 units 





n o 

5 units 




i 

1 i 

8 units 




i 

0 1 

10 units 




i 

1 0 

20 units 

i 

Master Reset 

MR 

All count 

urs and register 

are reset by a 'Ogic "T 

e 

V <33 Supply 


*27 Volf 

Upply 


n 

Test Point 

TP 

For Testing only Do not mane external connections to this Pm 

12 

Recirculate 

RC 

Logic’"!" onplr l2locKsthebonussnih regiGt3raftar'Lreacnestli04oonu3 




credit lev 

:-l. Logic "Q" or 

Pin 12 allows shift register to re-cycle from the 




fourth level to the first 


13,14 

Bonus Recuster Outputs 

R4.R3 

The conus register outputs indicate the status ol tho bonus | 

IS.16 


R2,R1 

register ai follows - 





R4 

R3 R2 

R1 Bonus Credits 




1 

1 0 

1 2 




1 

0 1 

1 3 




0 

1 I 


17 

Vijo supply 

V D p 

-12 Volt supply 



Name 


Symbol 


7 Credit Input 
6 Credit Input 
6 Credit input 
4 Credit input 
3 Credit input 
2 Credit input 
1 Credit input 
Progrum Select inputs 


Description 


27 

. 1 

Clock Realtor j ' 


28 

Clock Capacitor V 


29 

30,31 

Clock Capacitor ) 
Program Select Output,-. 

SI .82 

32 

Counter Empty 

Selection enable 1 

CE 

SEi v 

34 

Selection Enable 7 

5E7 

35 

Selection Enable S 

SEO 

36 

Selection Enable 5 

SE5 

37 

Selection Enable 4 

SE4 

SB 

Selection Enable 3 

SE3 

39 

Selection Enable 2 

SE2 


A "o" ml Input on a credit Input MM the respective number ol credits m o 
the credit accumulator These inputs are Internally nocked fcy .ha colt. Inputs 
and program uluct Inputo, and are tor program control main* use only. 
Credits ere added when the coin Input is Bddrasiiod and tire subtracted whoi 
program select inputs are enabled. 


These inputs cancel credits as fellows: 

H»S2 PS1 Result 

1 i No Cancellation 

1 o Single Credit 

cancellation 

0 i Option i wlecwd 

o 0 option 2 detected 

Select,or o* option 1 or 2 results In program select outpuls tollslW«““ 
This allows user selection of *ltu number of credits cancelled by both options. 

A 301! pf capacitor between Pins 23 and 29, and a 72K MK between Pins 
27 and 29 give a nominal system frequency of S.2KHZ 

Program control matrix outputs Output states art, as tollows 
S2 Si Option 

0 1 Option 1 efeltscted 

0 Option 2 selected 

Single credit select ls> internally conrected to Gi. 

This Pin n at Ingle T until al least one credit is in me credit counter 

The Selection Enable outputs indicate the number of credits m the 
credit counter as follows 1 

SE? SEO SE5 SEA SE3 SE2 SE1 Credits 

1 1 1 1 1 0 ? ® 

. ,110 0 9 3 





















ELECTRICAL CHARACTERISTICS 
Maximum Rulings* 

’Exceeding these ratings could cause 
permanent damage Functional operalion oi 
this device at these conditions is r.ot implied 
— operating friges are specified below. 


'Jun . 18 V 

Ayg. Current Ico.. ....... 129mA 

Operating Temperature.-30 ta@5*C 

Storage Temperature.-90 to I00°C 


Standard Conditions (unless otherwise noted) 
t a -■ 2S°C 
R = 9.1 M ** (5%) 

56;ir 


Functional j 
Block j 

Chav& cf eristic 

Pin 

No, 

I Min 

j TVP ' 

1 Max 

UrtMa 1 

ConalUone 


Input Leakage Current 

t 

i “ 



pA 

pin t @ 12.6V, Others @ GND 

Voltage I 

Com Para tor 

Pin 1 Breakdown 
Voltage 

t 

<10 

! - 

_ 

Volts 

Other Pins @ GND 


Common Mode 

Input Range 

1,3 

IMS 

1 0.5 

| | 

r_ 

i v -? 

V DC C 

Volts 

Vm> V 8S ~ 6 to 13V 


Input 01 test 

VoHugo 

i,a , 

11,13 ' 


- 

• 

mV 

V,„-V 5 .- "V 


Trigger Voltage 

1,3 

n,is 

' 0.01 

o.i 

0.15 j 

Vote 

V V «, ■ 6 -’3 v 


Period 

— 

1 20 

- 

80 : 

Sec 

Low Battery condition 

V m -v« - r.s-itv 


Duty Cycle 

~ 

| 1/3000 

- j 

1/1000 

- 

Wv 3S =?idiv 

OSC. I 

Capacitor 

Charging Current 

a 

65 


ISO ! 

nA 1 

Low Battery Oond., Current matoi 
@ Pin 9 and Voo, V DD -V«« = 7.5-1 IV 


C apacitcr Dis¬ 
charging Current 

9 1 
_j 

125 


300 

OA 

uow Battery Cond. Current meter 
@ Pm 9 and V». V 0 d-V ss « 7.5-11 V 

Output j 

C/MOS Sourcing 
Current 

4 ! 

.. 

6 

.. 

- 

mA 

Ik 0 load Pin 4 and Vau, Alarm 
Condition, V 00 -V ss = 7,5V 

Devices 

Open-Drain N-Ch 

PET Sinking Current 1 

5 

240 



mA 

25 O load Pin S ana V co , Alarm 

Gond lion, V r) fyV ss - < 7 .5V 

Complete 

Chip 1 

Stand-by Current 

“ 1 


4/7 1 

6/10 j 

fjA i 

Stand-by Condition, Vot>-V S s = 9/12V 

Low Battery 

Mode Gurrenl 

! 

- 

5/9 i 

7/1 3 

jjA | 

| 

Low Battery Condition, Excluding 
pulse content, V DD -v ss - 7.5/11 V 

Ret. Volt. 

Ref. Voltage 

10 ' 

0.8 1 

1.2 j 

1.8 

1 Volts j 

V D I,-V st - 7.0-1 IV 

Level Detector j 

Bias Currant 

~T~1 

0.3 | 

2.S/3.3 1 

3.3/5.0 

[TTi 

v otrV» = a/v2v 


TYPICAL applications 
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TELECOMMUNICATIONS 


DESCRIPTION 


FUNCTION 


NUMBER 


’JiiH BUTTON 
TELEPHONE 
DIALLER 
CIRCUIT 


Converts push button mot 
to rolary cf.al puses 


Stores tan telephone 


lumber 


C MOS CLOCK] 


from a single power eupp 


GENERATOR 


j ' PACE 1 

| NUMBER 


I 7A-7 

1 

j 7A-2 

1, 

| ?A-2 

1 





















AY-E-9100 

AY-5-9106 AY-5-9110 
_AY-5-9118 AY-5-9120 


Push Button Telephone Dialler Circuits 

FEATURES 


® 20 Digit Storage 

* Selectable dialling rate 

* Selectable tviark/space ratio 

a SGleetabte/nter-DIgitPause (except AY-s-giigj 
® Dynamic circuitry - low power consumption 
« RtKJlal of last number (except AY-5-91 1 B) 

® Accss: * Pause Facility (except AY-S-31 tgj 
k Companion Repertory o alter chip (Av-a-yzooj 


DESCRIPTION 


Serl ® Art. Button D,liter provides an a! the 
tog,crequired to convert a push button input to a aeries of pulses 
*****> 3 telephone tiiai Pulse repetition rate’ 
n,u™ 5 pau5e ; 31,11 ' nark -=pace ratio are all programmable' 
Outputs ate provided tar line pulsing jne muting An rah ill! 
input tepwvWM 10 ale* storage p, „„e nura.be, n. c P "o 20 
digits An 'Access pause" tratmilly , Frm , id , d 
automate operation with a PBX or WATS line tutiin, -l . 

ZZTrT e C“ lK ""FWWM operation in jVbxot 
s mll», system. An AY-S-gtOfl tela cirsault may be oosrolM 
alono or In comucllon with the AY-5-O200 repertory umJ 


PIN CONFIGURATION 

Iti LEAD DiJAL-IN-LINE; 

A Y-6- 8 1 00/91C6/9 ’ 10/91 SO 


Top View 


Output k . ' , B 

3 1 b » seitc- 

Output fj p ■ 

"J lnnst'ii ln»ul 

final [~I j. ,p 

J Strata Ciuipu. 

OilUMl ['j ( j. 

J Murkt SDius So am 

StrubeH < 4 

3 vino Ootou- 

ciHe 

j Vialimg F-aiti Caniivi 

02 H 7 ■? 

3 « 

esq a 11 

he*.’ 


u lead dual-in-line 
AY-5-9H3 




Muting output 



pjM FUNCTI ONS 


aY-5'91&° 

Jv-5-9t20 
pto No. 

AY. 5-9118 
Pin No. 

~~T" 

_ 

g 


3 

8 

4 

9 

5 

iO 

6-9 

11-14 


Nam e/P escriptloti _ 

ITc-DIrI Output (except AY-6-9118). A 
logic “ 0 " et this output Indicates that 
redial mode has been selected 
Access Pause Ovitpul (except 
AY-5-9118): A logic "tr at this output in¬ 
dicates that an accuse pause i*j required. 
Reset: A logic "O'' on this Input clears ell 
shift registers and resets all counters. 
Reset should be applied after power on 
to clear the device. 

Muting Output: The muting output gees 
to logic "0" whenever data fa being 
watered or transmitted. It returns to 
logic ’’1” when the access pause output 
turns on and when transmission «u« 
complete 

Keyboard Strobe: This ts the common 
signal Irom a!' iha xeys. A logic "0” 
on this input indicates that either the in¬ 
hibit input of G1-C4 are to bi* read 
C1-C4 (except no access pause or 
AY- 8-9118)’ These are the keyboard 
data inputs They are encoded ne 
follows to allow simple Interface with a 
standard push button (2-of T) 
keyboard. 



Vss 

01 

03 

Dialling Rate Control (Fixed st lOp p.a. 
on AY-5-9115) This input coitrole the 
lino pulsing froquancy as follows: iSee 
Note 1) 


Input Line Poise Rate 

01 600 p.p.3. 

03 20p.ps. 

V. 5S lOp.pb 


TYPICjbL APPLICATION 



AY-5-9 J 00 
AY-0-D106 
AY-S-8110 
AY-3-5120 
Pin No. 


[AY-S-9118J 
Pin No, 


14 


Namt/Oeacrlplion _ 

Line Output A logic "O" on this outnut 
is a (ins pulse "mark” or '‘break." 
Mork/Space Select The mark to space 
ratio Is controlled by this Input as 
fellows: 


Inpul 

Mark 

Space 

01 

70 

30 

03 

50 

50 

Logic 0 

66 2/3 

33 1/3 

Logic 1 

60 

40 


These ratios are exact end do not de¬ 
pend or* clock frequency 
Strobe Output Tills output goes to 
logic "S'* to indicate that a digit is being 

OVit-pUlBPd 

Inhibit Inpul /except AY-5-9113) 

Tlu* inhibit input is used to inhibit out- 
pulsing and to place the device in re¬ 
dial mode 


The Keyboard 3 truce must do taken to 
logic "0" at any time the inhibit input 
is strobed, except when an Access 
Pause is being signalled. 

This input normary oner rues as a 
“toggie 1iip-i(op”. : f It is taken to a logic 
"1" any time oilier than whon an access 
peusti is being signalled, the circuit will 
lock into the redial mode and the redial 
output will go lo logic "O'* The eftipv^! 
remein in the re-cial ‘node until 'his 
input is taken to logic "l 1 * again 
l» the chip is cleared before inhibit is 
toggled, diglls entered are accepted, 
but oiii-pula'hg does not commence 
until the inhibit is re-strobed if a 
number is being autpufsad when the in¬ 
hibit IS Strobed, dialling ceases until the 
inhibit is re-strobed. II the inhibit is 
3trohod when a dialling sequence If 
completed, the rediai output goes to 
logic "0 ‘ and the number is stored. Re- 
strobing the Inhlult starts the dciflng 
sequence 


18 


When an access pause is signj.ilea, tms 
inpui no longer operates as a toggle, 
but rather as a gate, with a logic'T* 
inhibiting further put-pulsing. 

I.D.P. Select This input controls the 
inter-digital- pause as follows: (See 
Note 1): 


tCJP; AY-fi-Stoa'StfiSiS 



IPRi AY-5-81« 

IBP. 

AY-S-91IB 

IOf.p.1. 


1flp.pl j JOp.p.B. | SOttp.p.t. 


[ 7Q0ma I 350ms | 11 66ms ! 

,’Cfms 

YSS ! 

| OpO.mj ) < Minis j tfnifl 

OiK/ra 

*1 

SQCmri L-HOOrn* | iS.Mim 

BKtms 


A pre-oigltm pause equal in length to 
ihe intor-dlgital pause precedes the 
first digit of any number. 


NOTE 1; une Puise Frequency and into'-DIgnal Pause are 
specified with so i0KHz clock frequency. 










i ift if 
I- !?f* 


OPERATION 

Tiw»4 oil code fromtha keyboard arrives on inputs C1-Cc of the 
P'uuh Button Dia/I?!. A fifth inpu, from the keyboard, this Key- 
t’oara Slrobg, is also required 'n its quiescent state the live 
'inputs ore at logis i (-volts) A logic 0 on the Key Hoard Strobe 
input indicates lo tne input circuitry that It is to read the data on 
LH-Cil, ihuc allowing nil as ar allowable cede- from the 
keyboard 

When a digit key is -depressed the ion.;; detects the 'i-Oirensiborr 
on the- Keyboard Strobe input When this occurs a timer with a 
minimum court! time of 8.5 msec is started. If the common input 
is removed before this period has elapsed, the counter will be 
reset to <?$ starting Mate. If the Keyboard Strobe input is stable for 
?<* (oast 8.5 msec, the code is fad to the code verifier and 
converter 

If no code '!> -walla it is ignored U valid it is coevened -o the 
proper BCD code ard written into recirculating shift 'rasters P. i* 
R<! if an access pause's decoded, it is written into the access 
pause register 

Simultaneous wifii .hedata being written into R1-P4. me muting 
oatput goes to logic “G'\ to disconnect the transmission Circuitry 
When ah digits that have been keyed into the circuit have oenn 
dialled out the iru ting ouiout returns to lugic 'T 


TIMING DIAGRAMS 


Pig.l Clock Waveforms 

I i . % T 

__ 


Flg.3 Line, Muting and Strobe Output Timing 


— pat ,-irEir 

“HOIGlTAUJ”' 


*Hr_ _^|—iijr 


During dialling if an access, pause is required the muting out'puf 
will reconnect the transmission circuitry so that the trailer can 
listen f or the dial tone ar d ensure himself that the system is 
functioning correctly. 

The d;git store nas a capac ity of 20 digits The numbers are read 
non destructively allowing radial 

Fou- 2i bn registers hold the numbe- in BCD format. thi> 
number is storey In parallel a fifth register holds a marker bit 
(Signified a:. A} showing the first number entered This fifth 
register has a gated 22nd bit allowing the marker bis (A) to to 
'slipped'backwards one b.t with respect to tho number Gating 
e-’surea that ail numbers are sequentially entered, the first align¬ 
ing itself with the marker A When the first number is, to be leaded 
Into the counter. A is decoded in its 21st position and the parallel 
enable signal reads the first digit into the counter Gating )S 
enabled to allow A to be shifted through .ho 22nd pit 0 | tho 
marker store. »o aligning itself with the next number to b fc dialled 
out VVher A is decoded a: the 21st bit ana no number in m e 
stored digit register, A remains aligned irs tins state until‘redial 1 i<- 
depressed and the marker store goes into its 22nd bit mode until 
A aligns with the first digit 

Gating ensures tnsi only 20 digits are entered into fii-4 one 
empty stale at least is required to indicate to tie system that a 
number? complete. 


Fig.2 Reset and Keyboard Strobe Timing 


V.- f S* p- 

Zuj'Zl 


Fig.4 Line, Muting and Access Pause Output Timing 


V_J _ J 

—I I —»< "W-flcrEis nwst—J 
v n ., A iwrfs 

“■'I'JOlTAI. C.'Sl r A! 
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gf.£CTRICAL CHARACTERISTICS 
maximum Ratings* 

oput Voltages (with respect to V ,,j 20V to *ti.3V 

Storage tJiinpsratjre -fiS'C lo —150°>-- 

Operating temperature -25°C to *70°C 

Standard Conditions (umesfc otherwise noted) 
y„ = OV T ■ • -t!5 f 'C 10 ■ 70’G 

^«oative logic conventions are 'ollowoo tor this data sheet 

Characteristic Sym Min 

Clocks (sueF'g ') 

uogicT " * 3 *' 

Logic'O' Vif... •'-0 3 

Frequency ‘ 10 

Capacitance CiA 

Pise Tune «• • 

Fait'll me m i 

Leak&ge >i.v> 

Pulse Width t«6c* 5 

Pulse Sepaiation 1 £fs 5 

All Outputs (Note 3] 

On Resistance (Logic'O') R<>> 

Oh Leakage (LooicTt i u 

Line Output (Sefi r *'g.3j 

Strobe-Line Delay ln 

Line-Strobe Delay 0 S3 


Muting Output (See- Fig.2, 4) 
Line-Muling Delay 


‘ Exceeding these ratings could cause 
permanent damage Functional operation of 
this device at these conditions is not 
implied—operating ranges arcs specifiod 
below 


Match clocks witnn 0.5V 
Sep Note 2 

Eaoh clock input.V*-- OV. f-1 MHz 


v„i=- - I6.S.T - -80*C 


Vi,*i * 'I VOlt 

-J,. --10V r A 25-C 


MARK/SPACE 66 2/3-33 1/3 
dr. increases tor other 
MARK/SPACE RATIOS). 

MARK/SPACE - 66 2/3 -33 V3 
?5,a increases far oths- 
MARK/5PACE PATIOS] 



AH inputs Except Resell 

Logic ‘1 Vi- -4.0 - -16 5 V 

Logic‘O' V„. i-0.3 - -1.0 v 

Leakage •>, — — 1 pA Vi~ -16.5, T* 2-S e i 

Rise ano Fail T line i». ti — - 10 .is 

Capacitance Gj 5 oF Vj ~ OV. f -* 1MH? 

Kcybcard Strobe Input (Sue t g 2) 

Pulse Width tn-v 10 — - ms Effective oniy when RESET input is 

31 Logic T 

Reset Input (See F’g 2) 

Logic T V,. -4.0 - -16.5 V 

Logic'0 V,. -0.3 - -i.O V 

Leakage I,. - -* I pA Vir -16.5. T,. ?5 

Capacitance C, - - 5 P r Vtn 0V, f - 1MHz 

Fall Time tm 3 - 100 us 

Oelny Time t R 3 ~ - ms Alter docks reach fi 

Powdr - — 0.9 2 mvV V*«16,5V 

Typical values are at f-£S°C and nominal voltages 

I'lOTES 2.Line Pu'sc Rate depends upon frequency ot clock inpus Standard clock frequfthey is IBKHz 
3. Outputs require external pull-dawn resistors (47Kptypic?.i) 


Vir -16.5. T* 25°C 

vm -- ov, r - imhz 


Alter clocks reach full arnpliluoe 
Vn> ~ 16,5V 


ACCESS PAUSE OPERATION 


TYPICAL OUTPUT INTERFACE 


7F-4 











ELECTRICAL CHARACTERISTICS 
Maximum RatlngcT 

input Voltages (wji't respect to V«) -wj 50 -q §\j 

Sto. age temperature -66*C to M50«C 

upcirating temperature 25* C to -70° C 

Standard Conditions (unless ctncrwise noted) 

v, -ov T a *-25«C 

Ncs'iwe logic cun.’a nt-ons are followed h:>- trus aat a areet 


Clocks (see F’ 9 , 1 ) ~ 

Logic V 
Logic ‘0’ 

Frequency 

Capaci lance 

Rise-Time 

Fall Tune 

Leakage 

Puise Width 

p ulse Separation 

Ali Outputs (hoieiii 

Output Current {Logic 'O'i 

Of f Leakaga(l.og ct'i 

line Output iSee pi g 3i 
Strobe-Line Dftiay (Note d) 
Llre-Slrons Delay {Note 4) 

Muting Output {See Fig.3, 4j 
Line-Muting Delay -Note 4) 


nil 'nputs (Except Rei-et) 

Logic 'r 
Logic ()' 

Leakage 

Rise end i'ell Time 
Capacitance 

Keyooard Strode input (See Fig.2 
Pulse Width {Wait; ij 

Reset input (Sse f : <g 
Logic ‘ v 
Logic r 
Leakage 
Capaci lance 

Fall T,me 

Delay Time (Note 4> 

Power 


fc".ceedirg those retrnejs coutg cause 
permanent damage functional operation ol 
this device at fhess conditions >s r l0t 
implied—operatinq 'Singes are specified 
below 


I Min Typ»* Mo/Turnti 



■ yptcai values are at «-25 u cana nominal voltages, ” 

N0TES I Jf* “J*"* «W" **»*» « *« WII Standard «*, i, 9 , UiI „ w „ 9 K Hi 
Outputs require external pu l-down resistors (4/KfI typical) 

_J These times will be halved for ifiKHr. operation 

ACCESS PAUSE OPERATION " . ZZZ7I'' ' "" --- 

1 YPICAL OUTPUT INTERFACE 


Mate-' clocks within 0.D5V 
See No le ? 

Each-slack input, Vp-OV 
Vm - -3.5 V, It - -(<0°C 


V|,u—| volt 

V,,-- -0.5V 7 a a 35-0 


MARK/SPACE=66 2/3-331/3 
n& increases for othe' 

W ARK/SPACE RATIOS; 

MABK--SPACE = 6f> 2/3 - 32 1/3 
(t-nincreoses for other 
MAHK/SPACE RATIOS) 


V -OV.P-1MH2 

Effective only when RESET input is 
at Logic ‘V 


Vtn =-3.5, f A =25 e C 
Vm 0V. 1 » 1MH? 

A Mc-r clocks reach full amplitude 
V** 8.5V, f -- SKHz 
V g - 3.5V, f= 18KHZ 


I i —~i 
A. Ft.c-v 01°. ravt 


AY-5-9110 















ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

mnu' Voltages fv/irh respect lo'v.o 20V to ~03V 'fentwecimfi >nnsb ratings couics cause 

Storage temperaMrt ob' Cto * I59°C permanent damag* -unot-onai operation ot 

Operating lemperstui'p -25*C *o »ro e G this devn@ m ihcsi' conditions is not 

Standard Conditions (unicss ofrerwtsc not&tii im^iioci—opsratini, anges arc specified 

V • “ OV Ta ' -25° CU» '70°G 

Negative logic conventions are followed tor this dais sheet 


Characteristic 

Syit-t 

Mm 

fyp" 

Max 

Units 

Conditions 

Clocks (see c ig. 1 ) 

Logic T' 

V 41 . 

-3.8 

. 

-B.a 

u 


Logic'P 

Vr-H 

r03 


• 0.2 

V 

Match clocks within d 5V 

Frequency 

f 

15 

f 0 

2 j 

KH? 

See Note S 

Capacitance 

O'L 

- 

§0 

ISC 

P 5 - 

Easnclock input, Vw -OV, f-IMH? 

Rise Time 

t. 


- 

6 

ns 


F 411 Time 




<i 

uS 


Leakage 

‘■i4 



IP 

HA 

Yd -8 5 , r A -*80»r 

Putsa Width 

Ittl'H 

1C 


40 



Putse Separation 

Iq 

b 

-- 

40 

fjS 


Alt Outputs 'Mole 3l 

Output Current [Logic *o*j 

In- 

0.1 



rnA 

V-. 11 - 1 VOit 

OH Leakage (Logic V) 

Line Output (Sen F'ij.3* 

1 , 



-0 

,,A 

-S.6.T,r-25*c 

Strobe-Lint; Delay 


— 

— 


'IV 


Line-Strobe Delay 

f v 

33 



* 

MARK/SPACE “66 2(3-331/3 
(ir.mcroasEs for othei 

MARK/SFACE RATIOS) 

Muting Output (See F'g 3 4) 







Lino-Muting Daisy 

L, 

33 



ms 

MARK/SPACE • 88 2/3-33 V3 
(Uinccasas for other 

MARK/SFACE RATiOQi 

All inputs (Lxcau: Resell 

Logic ‘i 

Vi, 

- 2.0 


-S.o 

v 


LOGIC '0 

vV 



- 0.2 

V 


Leakage 

Rise and Fa i 1 uno 

t.t. 

_ 


10 

kA. 

V- --18.6. I.y- 25°C 

Capacitance 

C- 

— 


5 

pF 

V. - OV, F - 1 MHZ 

Keyboard Strobe Input (Set- Fin 2/ 
Rulae Width 

V 

M 



*• 

Effective only when RESET input is 
lit Logic ‘1‘ 

Roset Input (See i'q.2i 

Logic V 

Vn 

-? 0 


-8 5 

v 


Loqir '0 

Vi" 

►0.3 

- 

- 0.2 

V 


Leakage 

It. 



1 

«A 

Vin - - 8 .SV 7 

Capacitance 

c, 

— 



pT 

Vir» - 0V f“ 1MHz 

rail Time 

til' 

,3 

- 

mo 

•j:. 


Delay Time 

In 

3 

— 


mil 

Alter aiockb reach fuii amplitude 

Power 

” 

" 

0 .,td 

~ 

mW 

Vo 8.5V 


" T ypic-i | vali;fr’.i are ai > 25“C fi r d nominal voltages 

NOTES 2. Lint- Pulse Rate depends uoon Irsquercy of fiocx input Standard cIock 'taquenev is 18 KHz 
' Outputs require external pull-down resistors (47K (1 typical) 
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AY-5-9200 


Repertory Dialler 


c [t)res to x22 digit telephone numbers, Including 

, SaSoTaX tMM 10 «* » *"» •«»«"“* * **» 

d 10 numbers, 

, operates in «tn|gi«l'oii wilf tne -5-9100 
Push-Button Dialler 

« Single or Dual Keyboard operation 
I li'terfaces to stanaard MF Tow Otat*> Kayooara, 

’ Applications in Repertory Diallers m Security Systems. 

* A operate MF lone Diallers star, as tne AY-3 Sul® 

; power conwriotiort, typically 2.25mW 


the AV- 5-0200 isaiO number store designed to worn in conjunc¬ 
tion with the AY-5-9100 w ush Suitor Tetepl'.one cireu-t to form a 
Repertory Dialler, each ol the >0 numbers containing up *o 22 
digits or access pauses 

The keyboard, AY-5-910Q and as many AY-S-92L0'siis required 
aro hi connected to a 4 line data bus. Numpors tor direct dulling 
m Touted to the AT-5-9100. numbers to be stored go straight to 
{h T ay- 5-g;?C0, Numbers that are being retrieved are transmitted 
frtirn me AY-5-9200 to the AV-5-910D while control outputs from 
ih» AY-5-9200 determine the routing o f the data 
Trie system may operate wltn a single 12 button keyboard, 
which is used to' both address and digit entry, or with separate 


PIN configuration 

10 LEAD DUAL IN LINE 


BLOCK DIAGRAM 


de- ^ *tb c ‘ 


i»d'< -1 3 C, I .. 

,iE d" 43 - c ') 

( l f'“ 5 (; QUinton C uUH-i 

Jt r & <’ 3 Pwwr-O? SjjeJMpui 

’ ’0 3 AT.K.yrr. <.;y:c sa‘ CtjaD!“Oi]ipui 

jiC b 9 >,pi K«s-m'D.'s'.fltOwoij! 


address and digit Keyboards Single xsyboara operation wwo 
normally be employed in a ; 0 number Repertory Dialling -w*' 
phone Duat keyboard operation is usual fa r 10 to iao number 
Repertory Diallers 

True AV-5-9200 may also be use a m WiF tone dialling systems, ms 
output data rate being directly compatible 
Fn'.r Chase togtc is mi to achieve mlntmun- power oor-suntf- 
,i Z.L Mkbe tig mantitacturedusingtwMINS 
nitride MOS fcrnMSS 



:;::i F 



COMMON COMMON DATA IN/OUl 
KEY KEY 
OUTPUT I W* 


7A-S 














?A-10 


j|^ cT jON DESCRIPTION 

i:.- r -,t OVUf ng description applies to ? D ush Button Repertory 
! .9ina the AY-5-9100 and AY-5-3200 circuits The system 
'0» !,e ' normal push button telephone facilities *Hh access 
y°' r '^ n d redialting. together with j repertory dwi’mg store 
^ndable Woelw of 10 numbers. 

gioo is a standard Push Button Dialler cuou.txv.th 
tw A yii inq and radlatllng facility. it also has the capOT Ity 
n0JP ’ln Sscpauses and waiting anti, a dial tone is detected 
0 ’ 5:0 !’ i-n^ circuitry below dialling is recommenced This chip 
t>ye* lc * itself wrier a storage facility is not squired A 

d»WIP^ n <> f this device i" contained In the AY-5-9100 

m jrteaoo contains eh the contra, logic and .tow facility 
V to .tore ten telephone miffioere. Eacn number may be 
^ oorharacierein length, each character being -idtera difl.t 
W ^5SS aV^ntemoryiechnlquebeinBiBedtorlhe 

0fft [:cesspau^,auj'^^ pausesan a memory admasses are 
jala . h ,y.' r '- J orji: as 4-bit codes on 4 input-output pins 

«*“*'the digit input pin. ol It* AY-Ml 00 
" ffios's ana 5 White [tela is being transferred neiwnna the 
IVlS and lha AY-frUOt). *e Keyboards art, externally 
Ji a?ad by signals generated by tee AY-5-9200, so teal fur, her 
kwdanfbss'oosbayanoellectuntiUltetrahsfarof tlulahnsbsen 

SSwtetod Further address inputs are inhibited -amil the C-Bll IB 
terminated 

m, r-igil neyborirn uommon Key output in routetnhrmrgn tno 

Mtrof Ionic and depending on the slate ol the topic. the Cote- 

rnori Key output to the Push Button Dialler chip is «**«» 

Sled This prei.ints digits to ha stored and memory ad- 

dresses HOT enter ng the Push Button Dialler 

The Common Key output from the AY-5-3200 is controlled 33 

follow 

C.S. C.L.C. 

UQisLsvei O’ ‘O' Common output is a direct rep¬ 

lies of Common input and digits 
are dialled directly by the 
AY--5-9 tOO 

Logic Level T T Common signals to the Push 

Button Dialler are generated 
only as a number Is being re¬ 
trieved (see Fig 3) After a r«- 
uieve operation. Common 
signals are gated through, ai- 
lowing funher dialling unless 
externally inhibited 

logic Lavel ‘0 T No Common signals are gener¬ 

ated and the outpul device goes 
off 

The control toqlo operates so that the llrst icey depression at the 
baginning of an operation determines the subsequent sequence 
Invalid key depressions at a later stage lr » sequence are then 
ignored by the control logic. 

The system ie expanded by connecting furtner AY-5-9200 chips 
to the busses and using Ihe Chiu Select input to enable the 
f«ililted chip. 

When a separate address keyboard is to ne used an address 
keyboard strobe can bo fed to the‘Retrieve nput, thus allowing a 
Single suUcm depression when retrieving a number from the 
store. 


OPERATION MODES 
1, STORE OPERATION 

Thlssetethe Itogio mlo a store mode This signal must oe prow™ 
throughout the store operation Thus, ei.no. elocinca or mu- 
clianical bistable switching m rfqu.riw, or the Morn button met 
remain depressed during the sequence The Control LosmEn 
ihleantt ClllcSelocr inputs should bn activate a at .he same time 
The common Key output Is inhibited and the address anti a s" 
codes Me routed into lire AY-5-oSOO chip t It n otcler ol appliev- 
tiwi of the signals Is not important, they mny bo applied smut- 
taneovtsly with Address il required 
DEPRESS ADDRESS (ona digit) . 

The address code, if valid, it latancd and Ih* memory ‘MMw 
associated wit n this address is cleared to prevent cor uplmg ih.- 
new number with old information The Common Key output 
remains disabled The Address Keyboard * also d'sabled for the 
remainder of the Store operation 
ENTER NUMBER DIGITS (and Accoas Pauses) 

The number 10 bo stored is then entered using the digii keytioaro 
and Is stored in the addressed •oealion. The maximum allowed i 
number of digits or access pauses 16 22. Chi.) seise must b j - 
logic T during digit entry. 

RELEASE STORE, CONTROL lOGiC 
FNA 8 LE AND CHIP SELEC " 1 

This is accomplished by re-setting tea meoWMl «("»»*» 
Bistable or rsteaslna the Store button i no co.itroi ««n tv «fc» 
Kisei and disabled 

2. RETRIEVE OPERATION 
OPPRESS RETRIEVE 

I : o"r separate address keyboard systems this si gnal can 
nv aulorrutiuttliy with the add™ The control ingic 9 n) •" J 
retrieve MO and me address inputs aronmbIM Control Logic 
E.abtn and Chip Select must be at logic’1 id' the whoie of the 
Retrieve operhlion, including Are d«^topjrt«|Th.^ 
l.riiw«> input must be returned to logic 0 before «he .nd of cc.j 
transfer t D cravent a repeat operation 
DEPRESS ADDRESS (Digit) . 

The address* 'S decoded ana latonud. noth keyboard d«saoin 
outputo 6 o active, disabling the keyboards Alter a minimum 
period of 60mS, the firs' digit coda is transmitted to the Push 
Button Dial chip together with aCcmmor. signal i ne Common 
stable for a minimum period ol 60mS. the Common only bemg 

present whitethe code is 3 iabfe.Thedata transmission ^t ^ 1 ® 8 
at eomS on, £ 0 m 3 off until the whole, number nas been tfwjw-r- 
red, after which the chip Is reset, the keyooard disable signals^ 
removed anc the Common signal Is enabled to the ush But 
Dialler chic- (Sea Fig. 3.i 
3. ERASE OPERATION 

This operhlion re basically a Store operation w,th no digits corns 
input. 

DEPRESS STORE 

This sets uc the logic a$ in the Store operation 
DEPRESS ADDRESS (Digit) 

This inan clew's the qecodeo aciaress. 

RELEASE STORE 

This is accomplished either oy mieaeing ‘Storo mput, o* ru- 
setting iho mechanical or e'actrlcal‘Store instable 
d recall and normal dialling 

Thoss MB pprlormed as lor the Punh Button ... on its own 

See AY-5-9100 data snout ‘or full dflschollon 






ELECTRICAL CHARACTERISTICS 

•Exceeding those ratings couid cause 
permanent damage Functional operation of 
tnts device at ihese conditions i$ not 
Implied—operating ranges are specified 


Standard Conditions (unless otherwise notedj 

Vv-OV 

V«=-15ii 5V (seo fig i for waworm) 

Clock frequency-16 KHz 

Operating Temperature (T*)^-5S°C to --B0 4 0 

Negative logic conventions are followed for this data sheet. 


Maximum Rating** 

Voltage on any pin witn respect to V«s -20V to -I-0.3V 

Storage temperature range. - 65 B fi to +150’C 

Ambient operating temperature range -55°O to +80*C 
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block diagram 


DESCRIPTION! 

* Y 5*9300 ;s a P-Ctwinol MOS integrated circuit designed 
o< a .»*« 

r/n dua'-in-lh wa parage 
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OPERATION 

- *•» 15 •»«? ^ ™,oSS=%x° 9 r.Shii 

the output tones noth starting from /.sro on ine w 

SHSSiSr^feas 

*™—- 

i( '„a outputs V-.MI immediately cease , . 

0 ,, si to logic ‘O' SB soon as a Key (JeprwMtoi’ - “ - 


Tne tones are cutpul on a angle (Wv « * "•«" 

t^SSosnn yields„ total 
distortion 3* 'ess than 3 ? .$>. 

The amplitude ol the oulpui signal is dlrocliyproportfomil to me 
Vfiii supply voltage 

A lev, 1 paw. filler puffer amplifier is used to .ornovo switching 
noitn ana ntotisra the tow* to <no *m ''“ore ii m opi on (it 
■Ittern love Importance ora IllSh Impetatafl output (see fifla Is 
and lb) 




coanaut pm 13 to Vwc fo- aw 
Oftsrutior to the Ay-3-9400 
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ELECTRICAL CHARACTERISTICS 





Maximum Ratings* 

Voltage on any pm with aspect to ground oin f-IOV to — 0.3V 

Storage temperature range to *150*G 

Ambient operating temperature range -25 6 C to -70°C 

Standard Conditions (unless otnerwise noted) 

V« --3.fi to-18V 
Fclock 559./KHZ 

Opersiirig Temperaiura rr A ) -25 C C to +70°C 


'Exceeding tnese r aimgs could cause 
permanent damage Functional operation of 
these devices at these conditions is not 
implied—operating ranges are specified 
below 


Characteristic 

M ,„ 1 

Typ" 

Max 

Unite ^ 

Conditions 

input Logic ‘I 

-•3,3 | 

- 

>Q 

Volts 1 

■ogic T activates tone 

Input Logic 'O' 

—0 3 

- 

‘0.4 

i/olts 


input pull down resistance 

20 1 

“ 

100 

Kolwn 

resistor to ground 

input capacitance 

-- 

"" 

10 

P r 


Tone output Low Group 

— 

0.B53 


v'rms 

1 Vo ■- 4V, Note " Note 3 

Tone output High Group 

- 

0.783 

— 

v r ms 

J Vr. 1 • 4V, Note 1, Note 3 

High group pre-emphasis 


3.52 


dB 

i.CdBtyp for AY-3-94C i . 

Output impedanc-i 



500 

ohms 

Note 2, Note 3 

Any Key Down output 

Or. resistance 

_ 


1 

Konin 

Vout -= - L1 V 

Of* Leakage 


— 

10 

u-A 

Vaut = -6V 

• otai Distortion 



—23 

dB 


Harmonic component 

— 


... 3G 

dB 


Supply current 



8 

mA 

V,, - +3 5V 




1 10 

"iU 

V,, -MV 


’"Typical values are at »-25®C and nominal voltages 


NOTE 

l.Tha amplitudes ot the output signals are direcl'y roiateci to the V. < supply voltage 

2-T'he chip outpu' is intended to drive a low pass filler naving fin input impedance ot greater than SK onms. 

;t.Theoutput would be buttered la dnvs tne line, me buifo r can tie arranged to have either a high impedance current output or a 
iovv impedance voltage output (See Figs.la 2nd lb) 


FREQUENCY OUTPUTS 

All output frequencies are derived from a 559 7 KHk master oscillator, 
'he output ‘reauencles are as to:lows 



Nomine) frequency 

Hz 

Actua* Frequency 

Hz 

Error 

% 

Key 


697 

695.28 

—0.2b 

A 


770 

768,82 

—0 1 !i 

S 

low GrouD 

852 

050.61 

—0.16 

c 


941 

940.68 

—0.03 

6 


1209 

1211.48 

-0,21 

E 


1336 

(332 6? 

-0.25 

F 

High Group 

1477 

1473.69 

•*0,25 

G 


1633 

1631.78 

— si-07 

H 


TYPICAL CHARACTERISTIC CURVES 




FI0.2. OSCILLATOR CHARACTERISTICS 



CMOS Clock Generator 




features 

111 Generates 2 phase clock froth single power supply 
.11 Operates with AY-5-9100 Push Button Dialler 
and AY-6-9200 Repertory Dialler 
hi very Low power consumption, allowing uan of line 
powered telephones 

» Minimizes externa! components .n Push Button Celoohones 
u Stable generation of clock fr&cuencies 


DESCRIPTION 

The AY-5-S50C 'S a C-MOS circuit designed to generate the 2 
phase ciock required by the AV-5-9100 Push Button Telephone 
chip and the AY-5-920D Repertory Dialler circuit 
it consists of an RC oscillator a level snifter, a ? phase clock 
generator and driver, and a clocked D-type bistable. The RC 
oscillator is set by external components to run at 36KHz and is 
normally operated from a 4 Von supply to minimize Dower con¬ 
sumption The oscillator output is shifted and used to drive the ? 
phase dock generator which is normally run on a 14 Volt supply 
The 0-type bistable Is either used as a Renet generator for the 
AY-5-9100. o>' it is used to drive a Cockrolt-Walion voltage 
multiplier to generate the 14 Voil supply 


BLOCK DIAGRAM 


PIN CONFIGURATION 

14 LEAD DUAL IN LINE 
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ELECTRICAL CHARACTERISTICS 



Maximum Ratings’ 

Vclmgo on any pm with rasped to V lw pin -ieVto*03V 

Storage temperature range -»6'Oto -iwo Exceeding those ratings could cause 

Amcionl operating temperature range -25»C: is .,70“ft permanent damage functional operation of 

• ii m C8 at thess conditions is not 

standard Conditions (unless oweneise noted) 13to« l>W “" n ® are 

Vu,i •“ ov 

V»5'l » -4 to-15V 
Vvs2«~4 to-15V 
Vss3 =• -4 lo -15V 
F Clock • 36KHi± 105;, 

Operating Temperature {'! ,«) ■=- *25 ® q 


Parameter 

CLOCKOUTPUTS 
Rise Time (Tr) 

FalsTims(Tf) 

Width (7vv) 

Separation (Ts) 

Stability 

OUTPUT-ON'RESISTANCE 

01,03 

CO 

SUPPLYCURRENT 

^SS 1 

I s «3 


5> 250 ns AtseopPioad 

;o 1 20 rs AiaeopFioacf 

, 0 _ “ ws AtSBKKt 

- I ~ *»*• At36KH., 

Wirn supply and temperature 

- unn KOh,n Vrf-—4V 

75j Ohm Vss3«~-4V 

: ™ » m v»)=-sv 

_ - n "* ** ’-'x2 ! - ISV.lOpPioad 

I J ot l | uA i V,-,3r-|5 V 

















TA- 2? 


: piN CONFIGURATIONS 
2 »LEAO DUAL IN LINE 
aV- 5-930 1/9821 
AY-r.*9flO-i/9824 


24 LEAD DUAL IN LIME 
AY 5-9805/9325 
AY-5-9808/9823 


Amu a t.'jiput c 
Amp *• npu' C 
rtmiv 3 o'jIDii' C 


Common tutpul I 

„0w 0fo“i* Wjo f - 



(ft 3 Ampteas input fVtij 
... 3 Amp .1 output 
in 3 Anp <i utpo' 

25 3 Amp 5 oui|>5< 

24 3 Amp 5 lnpu< 

23 3 Amp 6 ouipU' 

22 J Amp 6 inpul 

.)■ 3 -Leh group tmM Input 

->0 3 Reset input 

ifi 3 Clock input 

tu 3 interrogate »«pui 

i ? 3 High group valid 0,4 

16 31 Case output C* 

>5 |3 Cade output 


?ip NC 

;Ob Mlflft grcip njna U'l’Lit 

>9p Resol Input 

IB 3 Clock Inpill 

t7 3 IntenOBAH Input 

16 3 Hifl” (ir.ivp Vti] (i Output 

IS 3 NC 

14 3 Co*) Output C4 
t3 :j Coilu Ou'"i<l 03 


40 lEAD DUAL IN LINE 

AV- 6 - 5802 / 902 ? 


40 LEAD DUAL 'N UNE 
AY-5-9806/582^ 

Not yei defined 


Amo * input d *• 

Amp t oulput cl ' 

Anp 2 r-ieui d 4 
Amp 2 output Ej n 

Amp 3 output q } 


low group valid oijlpo* C i? 
Coda output C i C ts 
Cede output C9 C! ’4 
Code nut,nil I 03 C 'i, 
Code output Cu C ‘ft 
Code ciiipul Oil C 17 
Cod? output Cfl C ’8 
Code output C 7 C '9 
Code cutout C5 C 20 


40 LEAD DUAL IN LIME 

AY-5-93Q3/9823 

Nat /«t defined 


19 p Amp 4 Culi.Ul 
jit p Amp 4 irp.iT 

V b Arno 5 C'.!!r‘i< 

}ff P Amo £ -rpu- 
\-j b Amo 6 6dt|Mit 
24 p Amp 6 mpL* 

33 b II gh group ‘one input 

Y p Reset aipul 
3 Cl Clock .(Spy 1 

3u 3 interrogate •'W'H 
?•> 3 •Hjgti group vui'd ouipu* 
.■» 3 Code output C IP 
>■' 3 Caso output C In 
3 Code Oulpul CM 
2f, 3 Cede output Cl? 

:» 3 Code output C U’ 

53 3 Code cutroi C>’ 



24 LEAD DUAL IN LINE 
AY-5-98Q7/9627 
Not yet defined 
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DESCRIPTION 

Tne AY-5-9600 series circuits arc fabricated in P channel MTNS 
process thus minimizing cost and providing high reliability. The 
basic chip block diagram is shown on the previous page. For 

analog preprocessingsix amplifiers and tv^o source followers are 

included on-chip, external components being used toetetermine 
the Jiltor characteristics. The major functions are mask orograrn- 
mable thus giving a ’lexiblo system at a low cosl. 

The tone pair is separated into two individual tones using the 
analog circuitry, the separated tones being applied to the 
Schmid? triggers to square incoming signals which are then 
processed by the digital circuitry. The high and low group logic is 
similar; only the decode values for frequency recognition are 
different. The incoming signal I 3 divided by two or three 10 
eliminate the effects of changing mark/space ratio and its period 
counted by a timer which is clocked by the accurate 1MHz dock 
If the period value Is within encoded limits, the result is storod. 
Five cycles of incoming signal are stored and a decision is made 
with th-s information as to whether the tone is valid A 
programmable logic array scans tire five cycle store for both 
a^'ACQuire" criteria and "Release'’ criteria If the ’‘Acquire*’ 
criteria is exceeded (e,g. 4 out of 5), and the "Release"criteria is 
not reached (e g. (ess than 2 out of 5). the frequency is deemed to 
be valid. If botnhighandlowfraquenciesaiecletected.alirne-out 
time* is started This timer is mask programmable and will 
normally require 2Srn9 of valid tone pair signal. Once this period 
has elapsed the Common Output pulses high, agair for a 
preprogrammed period Aftor this pulse, the system will not 
respond again until on 10 b of a preprogrammed duration occurs, 
after wntch a new incut tone pair can be applied. 

The Coop Outputs ana Common Output can be configured for a 
wide variety of systems A typical device. A Y-5-S301/9821, 
provides four Three-State Code outputs suitable for 
microprocessor controlled systems ano direct interlacing to the 
AY-5-9100 for DTMF-Strowger converters A handshaking 
interface is provided using the Intanogats input thus allowing 
very slinole microprocessor mterfacIng.The cutouts will directly 
drive low power TTL. CMOS or MOS and, being Three-State, can 
bo bussed lh large systems. 

Input Clock — The recommended clock frequency is imh?. 
which will then give a frequency detect range of 620—340DHz 
with a diserim matron of tips. The discrimination of 1633Hz 
using a •iMHz clock wilt be better then ± 0,1%. Any deviation of 


the iMHz clock will result m e proportional deviation of the torie 
recognition bands. 

Power-On-Reset—An external power-on reset is required which 
,3 used to mset all counters, etc. An on-crnp resistor pulls this 
nput to V| J0 . a C.ijjF capacitor connected from the P O.R. input 
10 Vss will provide automatic powar-on-reset This input can Pc* 
jsod as a chip select putting al> “hree-Stste outputs into their 
nigh mpcdanic -state whan held nigh. 

Input Amplifiers—input amplifiers are suitable tor use in Band¬ 
pass end genorai buffer amplifiers T hey have an open loop gain 
of approximately 250 and are trimmed by a urijjle 'Bias Input' 
Period Counters—The input frequency is interrogated by ttu- 
period counter. Each counter nas eight values decoded, these 
representing rl low limit, FI high limit, etc. Once a posi live going 
edge is detected, the period counter is started and if the next 
positive going edge occurs during a time slot decode, trip circuit 
deems the lone to be valid and a bistable- indicating the tons 
decoded is se! Special logic *s incorporated to prevent the 
counter from being continuously triggered in the presence or 
noise 

Status Word Register—The Status Word Register 13 s five bit 
register which is filled with 1 's for an fn-band signal but filled wife 
Os *or out-of-band signals With the data in this register a 
decision Is performed which sets n bistable (Acquires the signal) 
o' rest'd a bistable (Releases the signal) Thus by changing iba 
preprogrammed acceptance standard, a direct trade-off between 
3/N ratio and stimulation rata can be obtained for differed 
systems 

Oulput Logic—Two outputs. hQV and LGV, indicate the current 
stale of the correlator »'or each group A valid high group 
frequency, if present for longer than the correlation time, will 
muse the HGV (high group valid) output to go iow. Similarly with 
the LGV (low group valid) output. Once bolh high and low group 
icnes have beer, detected valio, a preprogrammed timer is 
started. If the tons pair is still valid after the timer has counted out 
the Common Output goes high for 9 preprogrammed period and 
•he Code Outputs present tne programmed outputs 
••.or res ponding tt> the tone pair input 

■1 ihe interrogate input <s used for handshaking, the Code 
Outputs arc oniy presented after me interrogate input goes high, 
the interrogate input going low removes both the Codes ana tne 
Common Output 



oU T!>UT code chart 


JoeSjHjDi-—- r~NMm»l Will 

Low High Representation 

Group Group----- 

(HZ) 1Hz) Cl 


AY-5- 9H01/9021 *1 AY-5-9B02/9B?.?. 

AY-5-D008/98SB AY-5-98O6/03M 

Output Code* _ Qulpul Code _ 

_ ci i« r« m *° ,,f> .. 


AY"5-9BKS/982& 
AY-5-9007/9B2T 
Output Cfttfe 


AY-5-980‘1/9824 
AY*5*9808/982S 
Output Code** _ 

:i J C2 j~c3~[ c* 


“ComoatiD'e with AY-5-9'100 


“Compatible with ay-5-9120. 
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Fig. 3 FILTER CONNECTIONS 

C^IOnfr, Active elemerds on chip) 
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FIJ.1 "HANDSHAKING” TIMING DIAGRAM 
















HYBRID ACTIVE FILTERS 


IGOOHz 9 PF 


3625Hz BPF 


-3400Hz BPF 


DTMF 

TONF DETECTiOW 
BP? 


DIAL TONS BAND 


SUPPR ESSION FI LTER 


PART 1 PAGE $ 

NUMBER NUMBER | 

ACF 7Q32C 


ACF 7092C 

- ~|s 

ACT 71 IOC 

JL 

AC P 117CC 


AGP 7173C 


ACF 7174C 

7B-11 

ACP 7175C 

7B-13 

ACt 7176C 

70-14 

ACT 7300C 

7B-tfi 

ACF 7301C 

7B-10 

ACF 7302C 


7B-20 

ACT 731OC 


7B-22 

! ACT 7311C 


7B-24 

ACP 7320C 


7B-25 

ACF 7323C 



ACT 7363C 


7B-26 

ACP 7383C 



ACT 7401C 



ACP 7410C 


1 ACF 7480C 

7B-30 I 

ACF 7711C 

7B-31 I 
























ACF 7032C ACF 7032C 
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Universal Active Filters 

features 

* Low Pass. High Pass, Band Pass, and Band Reioct responses 
from the same unit 

* Independent control os Frequency, Q and Amplifier Gain 

Br Externa resistors need r;ct temperature track internal NPO 
capacitors 

® to 10KHz. operating frequency range. 

» 0,5 to 50 adjustable Q fa ng e . 


DESCRIPTION 

] r,e ficnematip diagram for the ACF 7032C/7092C is shown in 
Ftgure v T ho mter iscompcssd of 4 biseratfonal amplifiers Tiro 
first three form the basic slate variawo configuration nrfad) and 
the fourth can be utilized for mersasad gain c-r in the biquadratic 
configuration with the addition af external components. Two 
.rlter hiputs are provided; e nen-mvehing input and an inverting 

In the Triad configuration, a^npUfier A, is a summing amplifier 
providing the high pass output, amplifers, A, ano A- are 
integrators providing band pass ana few pa S3 output** The 
external resistors establish fae operating parameters for each 
»lw»r mode. R, and R 2 determine the resonant frequency <pn). q r 
J c ' r R r antl Mtermne the vtlu&s ioi gain and O. 


APPLICATIONS 

Owefal Instrument Hywin unlvatsal t-dlvo Dm are lew cost 
units that car. se used to generate any rilter response Some 
I< Ca ''°i ls <£>f ^ sstf '^ ers a 'T* found in sonar systems, 
telephone and paging systems. navigation systems, modems, 
^Kwnedrcsl measuring systems, process control 
equipment, data acquirer,systems, radar systems, audio signal 
processing equipment and seismology 
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Fig. 2 triad configuration 


AC -nve FILTER DESIGN WITH UNIVERSAL FILTERS 
tp iao wamsfkr functions 

Tnad configuration illustrated ip Figure 2 gives transfer 
^rims at the various points, HP, B 3 , and L p as shewn in Table 
f JJ infiniur gain banc width operational amplifiers 

Table t TRANSFER FUNCTIONS 

«MfW ’ Sf ■ ffr^rnss> w* 


G.tO?Ww_ J _ 
* Wn S 


Wr- 


.OW PASS 


S 

G» 

G 0 

G iOr 

Q 

Q 


,7 T- Natural or corner iiequoncy for low or 
high pass outputs. Cantor fraque/uiy 
for band poss output 
- Transform variable 
= Gain at infinite Irecueney (high pass) 
a Gain at canter ineqjoncy |tand passi 
a Gain at zero frequency {low pass) 
Cente r frequ ency 
Bandwidth o 
Gain at Natural Frequency 
Gain at infinite Frequency 
Gain a t Naiurat Fr equency 
Gem ot OC 


BAND 

PASS 


H'GH 

PASS 


LOW 

PASS 


DESIGN &QUAT8QN5 

Tne eesfgn equations for tl?etransfe r functions listed ir? Tehie 1 
are- 


Wn - J a 3 W(Vt/j 

1 a- j W •y 

,RC, 

Q j" _ 1 .. 

1 - 

J «, ” 

h 4 

=• *8 * % 

R 6 R? 

"4 

- 1 * Ay h 

By 

it, * 3 4 

«s 

Hj 


Ncn-lrvortlnj 

ifw«rtmg 

! 

3 

Blqtlrft A 

(5 M. 

,11 11 1113' .14' 

4/t 

G f , 


vrhtt'. 

G(OJ 

«1 i' *3 T '“>) 

L. i3 

** [ 


Nctu: 

Since opflrat.onal amplifiers nave tin It® gain-oandwidihs, tho O 
win te greater than calculated. A correction factor will be 
requited and will operate on the desired Fa Q product. See Step 
of Triad tuning procedure. 



r-'ig, 3 NON-INVERTING CONFIGURATION 
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Pig, 4 INVERTING CONFIGURATION 


TRIAD TUNING PROCEDURE 

Tne following lour step tuning procedure allows the selection of 
the external resistors R,. R2. Fir and R 3 or R« The procedure >s 
based on first selecting an ourput function (low-pass, band-pass 
or high'pBos) and the inverting or non-inverting configuration, fi 
Other gains are desired the uncommitted operational amplifier 
can db usao 




Slop #1; Determine Design Q 

Calculate the product of the desired Fn and C rt mis product 
exceeds 10,000 refer to P<gure 5 to cbtein the corrGr.pondmq 
design FnQ. Divide the design FnQ product by Fn 10 determine 
the design G for alt subsequent calculations. The design Q now 
includes the effects of operational «n«Ufler f'mite cam 
t and widths. 

if the desjroii FnO p roduct l?i mss than 10.000. use the pesireo Q 
as tho design O lor all subsequent ca-culatfons T he operational 


Step «2: Calculate R 3 or R B as a Function ot Design O 

R a, R, ern t* calculated (ran, Hie aquatics listed in Tal* I! f.c|| 

ii 















Table il H, Cfl B 3 CALCULATION 



Ksft«lnv*rtlna 

Invsrtlf-a 

Conl>5 l ir.Tt:ic;n 

-igut-c 3 

t.ijupo 4 

Lfl.T'J::' 

t> fl 3 IJjtf.fi-- 

H;,, - lOOKfi 


0 d&'iifcu s IDO!- 1 

Kf, --— 

desuju 

F<- '-QacsIgiTiSi.iKili 


r Jl.tikit 

n 3 • iOkJ"’ 

c5 dii?i{tn 

______ 


Step ?3: Calculate R, and as a Funntin of Fn 

For oasic unity gam configuration. R, - R 2 


LOW FREQUENCY OPERATION 

Far very low frequencies (fn ? SOHz'i idditional capacitance 
can be used to shunt the internal integrating capacitors from pins 
5 to ? fttd 13 to 14 ft, and R . 3 are than calculated as follows 


y^ 


Step #<i Calculate R, as a Function of Design Q 

Ry can Calculated from Ine equations lietec ■(> TaDie 111 



131QUAD TRANSFER FUNCTION 

Tne BlQUAD ronliguration tor generaling Caocr i>r Band Reject 
responses Is shown in Figure S 

The transfer function nr 



The parameters for the Transmission Zeros (numerator) arc 
given by. 



r ~13 _ HQ 
At1 ' *4 


t: 


provided that r 1? r ,4 


T*--e tuning procedure for Wn arid Q it the same ?-s ir. tho triad 
configuration. 

A Band Reject filter can bo obtained by making Constant (b) * 1 
&iv3 P..|j. infinite' which makes the Constant fa) =iero- The transfer 
function then becomes - 


-o „ s 2 > Vvi- . 3 
u 117 g2". WivS * wP 

cf 



■nrouas 


P6BFOBMAMC6 SPECIFICATIONS 


rt^XIWOM ratings 


.: 16 V 

_ .-rtiv .. '! . . 12rnA 

Srt,/Cu««"'( • 15 Volt supplies)..cpcto- 70 -c 

?-ring Temperature Range. ., 55 , c t0 2 s«ij 

" ". 


rnTRICAL PERFORMANCE CHARACIERIST1CS . ,„, 7 0 "C with ■ 15 VOC supplies _ 

e tl,r unsettled, aw - -—- 

^rnhwcp--- uin TwB | Mas , Unite Conditions^_ 

Charoctertatte _____ \ - 

—•■■■-. , 1 er> flriQ 

~W™«“ w - |i«* “ NlTn a ^c qUen0y 

fUSuracy , _ j lo .75 ppKf’O Mole! 

Fr.Tomp Coulf 06 - 60 - 

Qpan9@ — ’ 7 *” Q°Ge'TjL 670*0 

Q Accuracy -FnOlO* - 0 ^ r * 

q Temp. Stability .- 10 - t 

Pcss band gam 2 10 frV I Y *.S~ - 

Input effect voltage “ | ' 


Input offset current 

input bias current 

input voltage range 
input Resistance 
Large Signal 
Voltage Gain 

Supply Voltage Rejection Ratio 
Output Rasiatance 
Load P.e3isiance 
Output Voltage Swing 


Common mode reje ction ratio 


0°C*'T A 670*C 
Note S 
Ta - --25 e C 
0’C<'fA^70 C 
7 a 25 * C 

0°CS.Ta«- 7 0’C 

t a .- 23" 0 
0 c C^T A r>70’G 


RL jP 2 k. Vo " ’ 10V, 1* a 
RL S’ 2k, Vo » ’ 10V. 
O c C<T a < 70°C 


I Lew pass 
fn ■ 10 Hz to iKKz j Band pass 


{ high pass 
j low pats 
| Band pass 
\ High pass 


NCM 2wir,a " esn : 
Include the tolerancs of the external resistors /oC Tna naming portion or tne temperature coefficient 

NM02 - *"« «««■'P™*“" «r *«P-« 

Note 3. Gain greeter tnen’l can « e,o.,wd ««.M rnmrnmt 


ENVIRONMENTAL SPECIFICATION 

<«• <*«*«“■' a “ - ,h ° «+» isnsts sss zi: t; 

: oo 4 , 

Mechanical Week .. . pcaK eeeeMellon (Mll-Std-eeiI, Mem« W_ re C 0 Cdlt.cn 

sssr?ui'-::: • r-oond-.^ ^ 

Seal leak rate... 










ACF 7110C 


3825Hz Low Pass Filler 

FEATURES 
0 Insertion Loss 

16 High Out oi Band Attenuation 
!* Low Noiso 
11 Low In Band Ripple 

» Can fca operated from a singls-sntfed power system 

DESCRIPTION 

* 3 " nMr hvB,ltl :o " «»» RO active Inter rse 
, A ; jF ' * 00 nlle ’ provittos for in fi| te ,n ia or spMch 
•r eqotncres while attsnuatite) the;3325Hzs!snHluiofroqtrencyto 

a minimum attenuation Q , 50 aB< Tne rs . ore „ ce , 0KHj ' , 

‘f 0 <JB w th e maximum in oand riopie siiodticatonoi 
o ua or minus U.lS US This filter is packaged * a dual in tine 
voniigu ration. 


maximum ratings 

v w (Max). 

Vpc (Min) .. 

Input Voltage Hangs. 

Storage Tomperaurce Range 
Operating Temperature Range 


. -ilBVoifc 

..S Volts 

Power Supply Potential 
. . -OS’Cio ‘150 C C 
.O'C to -i70 5 C 


el ectrical characteristics (umesr. otherwise 


''Ct; 'f 12 VotlS 
7 -- -25 1a C 
l\ s SO a 
\ - 600 o 


Voltage Gain 
Gain Stability 
Fluency Response 


Jnp jt -mpedance 
Output Impedance 
Harmonic Distortion 

Output Offset Voltage. 
Current Drain 
Noise 


-0.4 

- 1.0 

-0.1S 

- 0.2 

-0.25 

-0.75 

-50 

-43 

-35 

-22 

-26 


specified) 


TVp 


»ai« 

"0.16 

*0.15 


20 

275 


PACKAGE INFORMATION 
PIN CONFIGURATION 


r*' -i.-iOQ---K3Q 

roaisstnrepw#t5i^ 

.... 

r 

$ 

II AC«7I10C ! 

i 

i 

1 Gl XXXX 

7 

u 


—i 

H, 


T 


’50 T. I' . J L- JL.™ “i 


KlJTF 

Kor proper opor.siimp 
ccnoROi t>.i' • ic 
p ‘'< !• P'R A 10 Pli| $ 
Pin 0 *o «<i„ 14 


‘J FUNCTION 

jiarje i CJuSpij; 

irtp'll 


' IS VOI!i P & 

-.rtli^lvl 3 pirlplJj 


dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

Kn 


mV 

mA 


Conditions 


I.OKHz. Vout r 1.0 V RMS 

0°C to -70°C from ref. I.OKHz gam 

Heterencod to I.OKHz Gain, V 0UT =-1 n y n . 

300Hz to 2400Hz ^ 

2900Hz 

3000Hz 

3250Hz 

3fl25Hz 

3650Hz to 4050Hz 
4050Hz to 5000Hz 
500OHz to 20.0KHz 
2&0XHz 
56.0KH7 


V ,N " *6.0 dBm, 300Hz to 2400Hz, Second or 
Third Harmonic Output 


V cc -i15 Volta 
Unweighted ncuso n 


the pass band 


r~ 

/SSS/S/////2£/&£/&&S.&' ■ -it* 



oo 

0.1IS 

- Of. 

0 

a (i.& 

'< 

| 0.4 

HI 

* 06 

o t 

Z 0.0 

ffi 0.7 

OS 

0.8 



._ __ 


\ 






/ 

A' 

**r r >mww/ , »w/£ 


/ 




/ 







A 



. 1 



■ » 56 MAX AT > ; 










0 3 i -6 ? 2,4 2.0 j 3'325 34 

FREQUENCY -CHr 

Rg.1 LOW PASS FILTER PA8SBAND PERFORMANCE LIMITS 

1 

! 

I 



Flg.2 LOW PASS FILTER PA&UBAND PERFORMANCE LIMITS 
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/B-i 















































ACF 7173C 


PCM Trunk Transmit Low Pass Fitter 


FEATURES 

® Exceeds at & x D3 Cnarmel Bank Compatibility 
Specifications. 

u low Noise -ISdBRNC (to Gain - *10dD 
a 6-OKz Attenuation - 14.5 db Min, 
a Adjustable Gain 0 to -2Sdb 
■ Output Csamp Voltage 4.$ Vc-lts maximum 
a Output pQ\sor Supply Rejection Ratio - 
40db minimum [Fix-q 300Hz to 4KHz) 
h low Power Dissipation -240 milliwatts maximum 
t» Maximum output voliBye -4.0 Volts 

DESCRIPTION 

The ACF7t?3C /s a linear hybrid low pas?, active filter with a 
Caller type response it Is capable of exceeding AT & F D 3 
Channel Bank Compatibility Specifications onrl 13 designed to be 
useeTi PCM'Trunk” Transmit applications. This RC Active Filter 
wl;l pass a signal in tbs pass band with 0 . 2 db p-p ripple from 
300Hz to 3030Hz and be 32rtlj down at 4.BKHz with equal rojet- 
itop to | 2 KH» minimum 


PACKAGE INFORMATION 
PIN CONFIGURATION 

- r— 


Qixxxx - 

ACF 71 73 c 


|-|i— PIN -M 

I jj iNOItAtp* 


1 anTirr 

•\ ' !«J L WO r-.-P -»JU- OIF • 


MAXIMUM RATINGS 

v cc-;- .. 18 Volts 


input Voltage. 

Storage Temperature ... 
Oaeratmg “emperature 


. v cc 

-65° C to 150* C 
.. ,0' C to 70°C 


EL.EC fRICAL, CHAftACnSBISTICS (at 25'C unless otherwise specified) 

Ag -- 600 !I Vqut r SVp-p 

R t - T2K Vcc =t IS Volts 


Frequency Response 
(See Note *) 


Input Impedance 
Output imneoance 
Envelope Delay Distortion 


Guaranteed Gain 
Adjustment Range 
Output Cianip Voltage 
Noisa (See Note 2) 
Output Power Supply 
Rejection Ratio 
Current Dram 

Single Freq Distortion 

DC Output Offset Voltage 
Load Capacitance 


Min, 

Typ 

Ms*. 

Units 

-14.& 



d£3 

-r.O 

— 

0 

d3 

- 0.1 

— 

-0.1 

dB 

-i 2 

— 

0 

dS 

- 14.6 

— 

_ 

dB 

-32.0 

- 


dB 

IOOK. 

— 

_ 

ohms 

- 

— 

10 

ohms 


102 

200 

usee 

— 

53 

TOO 

usee, 

... 

30 

60 

usee 

0 

„ 

►29.25 

dB 

r4.? 

— 

±4.5 

Volts 


— 

-15 

oBRNC 

-40 

- 


dB 

■30 

— 

_ 

— 

-- 

8 

10 

mA 

- 

B 

10 

mA 

-55 

~ 

- 

dD 



10 

imV 

. .. 

— 

5000 

pF 


Referenced to IK Hr v 0lr - v BM s 
60Hz 

130Hz to 300Hz 
300Hz to 3000Hz 
3400Hz 
4600 Hi- 

46001-12 to ’2kHz 


000-27001* 

1000-2500Hz 
1150-2,lOOHz 

Freq s IKHz, Fig. 1 
Inpul Voltage t12 Volts 
Gain - i0db 

Gflfri s -29db F^eq. = 100Hz to 4KHz 
Freq = 4 kHz to l0kH2 
V C c 5 -1Z 
Vcc ■” *12 

Referenced to Fran =- 1020Hz 8, 
3O0HZ to JkHz 


No evidence o< oscillation 


NOTES 

1 Test Equipment - HP3330B Synthesizer, HPSS70A Network Analyzer 

2 Test Equipment - NEC Model TTS-370AQ No:se Measuring Test Set 
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pt;M Trunk Receive Low Pass Filter and PAM GATE 



FEATURES 

9 qcmOD PAM GATE and Trunk Receive Filter in one Pkj 
■ Exceeds AT & T D3 Channel Bank Compatibility 
Specifications. 

0 t.ow Noise +2DBRMC Max 
g Adjustable Gain -10 to +3.56dB 

e Output Power Supply Rejection Ra'ig 4i)'IB minimum : i [ i 1 

(Froq. 306Hz to 4KBz) I j j { GlXXXX --f- at-ccue 

• LOW Power Dissipation 240mW maximum j ! j ACF ’1740 

1 j I ! hi ‘NtHCA-rOP 

DESCRIPTION 11 = 1 -ji 

The AC p 7174C is a PAM GATE a Linear low pass active fi-ter 
Cauer response with SINX/X correction packaged in a hybrid. It 
is capable of exceeding AT 8 T D3 Channel Bank Compatibility 
Specifications and is designed to be used in PCM "Trunk” Re¬ 
ceive applications. Trie hybrid domuitiplexes, holds and filters 
the Input information 


MAXIMUM RATINGS 

Vcc .IS Volts 

Input voltage.Vcu 

Storage Temperature.-65°Ctoi50°C 

OceralingTerrioorature.0 o Cto 7 0 o C 


ELECTRICAL CHARACTERISTICS {at 25°C unless otherwise specified) 
Vcc - -12 Volts 
r s • ion 

Ri - 1.2K 


Characteristic 

Min 

Typ 

Max 

Unite 

Condition b 

Frequency Response 





Referenced to IKH 2 . 1 V 0 5 1 Vqus 

(Ses Note 11 

-1 0 

— 

0 

00 

ISOHz to 300Hz, 


-0.1 

— 

0.1 

cIB 

300Hz to 3GO0Hz 


-1.2 

— 

0 

dB 

3400Hz 


-14.5 

— 

- 

dB 

4000H2 


-28.0 

1 

— 

OB 

13 600HZ ic 12KHZ 

Input Impedance 

- 

20 K ! 

— 

ohms 


Output Imped fine ft 

- 

— 

10 

ohms 


Envelope Delay Distortion 

— 

102 

200 

! pace 

: 0OO-27OOHZ 



53 

100 

;jsec 

1 10OO-SoCiOHz 

Guaranteed Gain Adjustment 

- 

30 

BO 

usee 

| 115Q-23Q0H7 

Range 

-16 

~ 

-3.CIB 

ca 

Frcq. a IKHz. V lN - 8 Vd-p 

Noise fSec Note 2) 

— 

— 

*■2 

1 dBRNC 

V 0 =• l.3Vp-p 

Power Supply Rejection 

-40 

— 


dB 

Freq. - 300Hz to 4KHz 

Ratio 

-3D 1 

— 


! dS 

^req. - 4KI-1Z 10 10KHz 

Current Drain 


5 

10 

ITlA 

V CC =- + -12V 

Single? Frea Distortion 

-55 

— 


• 6B 

Roferenceu to Froq. 1020Hz A 

V 0 = SVp-p 300HZ to 4kHz 

Gate "Oft 1 vs "Off" 

Isolation 

-00 

““ 


OS 

Freq. 300Hz to 3000Hz 

Gam =•• maximum iR u = 600J;. p ig. 2 


NOTES- 


]t%iTTriri(; 

I T i*J ♦ IOC'TW> -*Jb»~.0’,e 


-•jL-- 0 * 0 Li- !■ PINS EQuf... SPACED j L»J 
^MAX ill 'CO - 4 600. .'OL NOfJ COW »'•<■ 


PACKAGE 1NFORMATJON 
PIN CONFIGURATION 



1 Test Equipment - HP3330B Synthesizer, HP357GA Network Analyzer 

2 Test Equipment - NEC Model TTS - 37 BAG Noise Measuring r est Set 



7CM1 

















ACF 7175C 
























ACF 7176C 


PCM Line Receiver Low Pass Filter and PAM GATE 



FEATURES 

» DtsMOO PAM GATE and Li.no Receive Filter in one package 
o Exceeds a'i AT D3 Channel Bank parnoatibility specification 
n Low noise • iftdbinc maximum 
■h output Power Supply Rejection Ratio — d-OcJD maximum 
(F'cq 300Hz lo 4kHz; 

*a Low Power Dissipation — 2-tOrnw maximum 


DESCRIPTION 

The ACF 7176 i'v a PAM GATE, a Imear 'ow pass active filter Cauer 
response with SiNX/X correction packaged ir> & hyorid It is 
capable o f exceeding AT & X (53 Channel Bank Compatibility 
Specifications and hs designed to be used In PCM ‘line" receiver 
applications Trie Hybrid dsmu/tipiexes hoids anc tillers trm 
input information 


MAXIMUM RATINGS 


Vcc >• ...’18 Volts 

incut Voltage ... V cr , 

Storage Temperature . -65°G to ISO 0 C 

C , oerating T emPtirature .0 a C to - r 70°C 



ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified; 


V co ‘ Tl <? volts 
*t* ■ 10£t 
«, - 1 2K 


Characteristic 

pi n : 

Typ. 

Max. 

units 1 

Condttlons 

Frequency Rtsuonae 
(See Note i! 

-0.3 


*•0.3 

ciB 

Referenced to iKHr, V C i - 1 Vp.ws 

300Hz to 3000H? 


-14.b 

- 

- 

de 

4000H2 


-28.0 

i 

~ 

da 

4600Hz <0 12KHz 

'nput impedance 


9 OK 

- 

ohms 


Output Impedance 

— 

- 

10 

ohms j 


Envelope Daisy Distortion 

— 

■)02 

Jffo 

usee 

800-2700HZ 


— 

53 

75 

usee 

1000-250GHZ 



30 

40 

usee 

1 1S0-2300HZ 

Gam 

-8.4 

-f?.25 

“8.0 

dB j 

Fnsiq iK Hz 

Noise (See Nolo ?.) 

— 

— 

M0 

dBNRC ■ 


Power Supply Rejection Ratio 

-40 1 

— 

— 

! rJB 

Fmq 300Hz to 4KHz 


-30 



— 

Freq 4 KHz to IBKHz 

Current Drain , 

— 

8 

1 10 

niA 

Vcc =• - I 2 V 

Single F'reo Distortion ! 

-55 


— 

dB 

Refero'iced !o Freq 1020Hz & V 0 ® 8 Vp-b 

Gate- "On' vs. 'Off* isolation 

| -80 


- 

i 00 , 

300Hz to 4kHz 

Freq 200H7. to 3000Hz 


NOTES 

I Test Equip/nofir — HP33300 Synthesizer, HP3570A Network Analyze 1 
‘A Test Equipmerr — NEC Model TTS-37GAQ Noise Mens unrig Test Set 


















ACF 7300C 


Band Pass Filter and Full Wave Detector 


a Low Power Dissipation 

a Can bo operated from a single ended power system 
u HO dB minimum attenuation at stop band *reqnancies 
0 0 dB Insertion less In pass oand 
m Fixed band width fpter 
a internal full wave detector 


DESCRIPTION 

The ACF 7300C consists of a four (4) pole, uxod band width, band 
pass filter, factory tunable over a center frequency (F u ) range of 
54QHz to 1980Hz, and a full wave detector. Tnis RC active filte' 
and detector is packaged in a dual in line package Only ore 
external capacitor is required for filtering the detector output, the 
balance of the circuitry is self contained requiring no additional 
components for prener operation 


MAXIMUM RATINGS 


Vcc (Max).. 

VcoiMln). 

Input Voltage Range . 

Storage Temperaturo Range . 
0 peraling Temper®tur a Range 


. rlfl Volts 

.-5 Volts 

Power Supply Potential 

.... -65*CtO+150>C 

.O'Cto •*70 n C 


PACKAGE INFORMATION 
PIN CONFIGURATION 


r —cHWi^fawD^ 


ACF 79000 - FflEO s c2u 

| Gl 4XXX MX 


..1. 


Y Y Y i V1Y 

J L ICC 6 SPACeS 
NON CUM 


2 ,'tr.l Point 1 

a ond potential 
» Oi.icui Slay? 1 
5 (.? ut Steflti 5 

t r«s! Palm 2 

/ Ci.lpgl Hi ler 

3 Outecior Gwipul 

3 Entering Casas Mr 

10 Minus Poii.Miai 

11 I sal Piwi: 3 

12 Pojilivn Poipfil.ei 


ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vcc - MS Volts 

D e C to *70*C 

Filter Load Resistance - 5K1? 

Delecior Load Resistance - -5Ki2 
Source Impedance, Kilter or Detector ■■ 50Ji 


Filter 

Input impedance 
Voltage Gain 



Sea Figure i. 

Ideal Center Frequency (F 0 J 
pass Band { riOHz from F 0 ) 
Stop Band ( * 110Hz fiam F c .) 


input Voltage 5 — V HMa 

Output Impedance — — 25 ohms 

Detector 

input Impedance 25 - — K ohms 

Input Voltage 5 — - V,, MS 

Voltage Gain 0.95 1.0 1 .05 V0C/V HMS See Figure 2 

Output Impedance —• — 25 ohms 

Output Offset Voltage — — 20 mVeils 

Power Supply Current — 1.6 3.0 mA 

Standard factory tuned filters available wilh the following ideal center frequencies: 

540Hz. 6S0Hz, 780Hz, 900Hz, 1020Hz, 1140Hz, 1330Hz, 1500Hz. 1520Hz, 1740Hz. 1660Hz, and 1960Hz To ordirone of tne 
above tuned titters, speedy the device as follows. ACF 7300C • Frequency t>,g. AC^ 7300C- 05-JQ 
Other factory tuned frequencies are available upon request arid nominal set up charge 


70-15 




Table I 


Center 
Frequency! 
(FOj(Hz) | 

Low Low 

Step Band F>esa Band 
Frequency Frequency 
(F$BL)(Hz) (FPf3L)(Hz) 

High 

} Pass Band 
! FfeqU6«CV 
:<FPBN)(Hz) 

High 

Stop Band 
Frequency 
(FSBH){Hz) 

540 

430 

530 1 

550 

660 

m 

550 

650 

670 

770 

700 

670 

770 

790 

890 

900 

790 

890 | 

310 

1010 

1020 

910 

1010 i 

1030 

1130 

1140 

1030 

1130 ! 

1150 

1250 

1360 

1270 

1370 j 

1390 

14 SO 

1500 

! 1390 

1490 ! 

1510 

1610 

1620 

1510 

1610 j 

1630 

1730 

1740 

1630 

1730 S 

1760 

i860 

I860 

1750 

I860 j 

1870 

1970 

1980 

1870 

1970 I 

1090 

2090 
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ACF 7301C 


Band Pass Filter and Full Wav® Detector 


a Low Power Dissipation 

fi Can bo operated from a single ended power system 
a Odb Insertion loss in pass band 
a 20 db minimum attentuation at stop band frequencies 
® Flxod band width filter 
b Interne? full wave detoctor 


DESCRIPTION 

The aCF 7 301C consists of a four (4) pole, fixed bano wrdtn. band 
pass fitter, factory tunable over a center frequency (F 0 ) range of 
700Hz to 1 700Hz. and a fun wave detector. This RC active filter 
anc detector is pacKayed in a dual in line package Only one 
external capacitor is required for filtering the detector output, the 
balance o* the circuitry is self contained requiring no additional 
components tor proper operation 


PACKAGE INFORMATION 
PIN CONFIGURATION 


I——; i 

| ACF 7301 C-eREQ 11 i.cn» 
G< y.xxK u** 


MAXIMUM ratings 

Vcc (Mrx). 

Vcc(Mtn) .. 

Input voltage Range. 

Storage Temperature Range , 
Operating 7 emperalure Range 


• • ..siaVolts 

. jS Volts 

...Power Supply Potential 

.-65° C to* 150° C 

.0*0 to - ’’Cr C 


,L.._Ji 

- s-Tp-ra-cK :v- J. 




I £12 

l I £38 

?LL .~i.y 


FIN FUNCTION 
1 r.iicr input 
8 Tc-t! Pciill 1 

•1 O-JlpiR 5ISJJS * 

6 rcsit-cnmj 
? Output Fiiie' 

S Oeieetoi Duipui 
S filtering C<ipse.r« fpcul 


J L too c SiPAces 

NON CUM 


ELECTRICAL CHARACTERISTICS {unless otherwise specified) 

Vqc- 12 Volts 
0*C toi-?0°C 

Load Resistance. Filter Output or Detector Output « 5K on,-ns 
Source Impadance, Filler input or Detector Input * 50ft 


Filter 

input Impedance 
Voltage Gain 


Input Voltage 
Output Impedance 
Detector 
Input Irnpeaance 
Input Voltage 
Voltage Gain 
Output Impedance 
Output Offset Voltage 
f'owor Supply Current. 


See Figure t 

Ideal Center Frequency (F 0 ) 
Pass Band {±i5Hr from Fo) 
Step Band {il05H2 from F 0 i 


K ohms 
V nMS 

VDC/V Rm Sea Figure 2 


?™. ar r , “‘7 l# " C<, f5T* l,M * WW '** Wto ™» «W ««» lm*m**. TOW*. WOHz. i 1 00Hz. --330H; ISCnT „„ 

7 *‘° VC "" m m “ ly «* *** a5!Cli0WS ' ACF 7301 0 • »m*»Z M ACF 7301 0 -0100 

Olhfif factory tuned frequencies arc available upon remieat and a narirnai set urr charga 


76-19 

























i 




rSl 

HnrnnM 


AC:F 7302C 


Band Pass Filter and Full Wave Detector 

FEATURES f - 

« Love Power Dissipation 

* Can be operated from a single ended power system 
a SCidB minimum attenuation at stop band frequencies 

* CdB Insertion ,<is$ ir pass banc 
“ F'xed band width filter 
s imarnal full wavs cotaetor 


DESCRIPTION 

The ACF raosc consists of six (6) pois, fixed band widtn, Dana 
pess filter, factor-/ umablo over a center frequency range of 
22St}Hz tc 3825Hz; and a full wave detector This RC active filter 
and detector is packaged in a dual in line package Only one 
external capacitor Is required for filtering tl>© detector output, Jho 
balance of the circuitry is self contained requiring no additional 
components for proper operation 


PACKAGE INFORMATION 
PIN CONFIGURATION 


!■• — 0(0 

—c£-- 


ACF 7302C-FRFO 
Gl WAX 


-CWp-G^ EJH^K:;'rO==;=f 


.. jr r 


V_ 


A, l r 


MAXIMUIM RATINGS 

V C c (Max). 

Vcc(Min). 

Input Voltage Range . 

Storage Temperalurs Range 
Oparatinc T emperature Range 


.~18 Voils 

..=5 Volts 

. FowerSupp»yPatennal 

. -65"Cto-HSQ°C 

.0°CttW0C 


a.i 

1 1 ■ : > i » t 

L„ im s swer-s 

KQN CUV 


f GMD Pornmia. 
' OhIO'jl Slac& I 
0 In t’ui St£<)« 2 


I- >tot 5'oir.t 3 
12 fttylv* py.Bn*. a 
1,1 Taw Paint .< 


ELECTRICAL. CHARACTERISTICS [unless omerwise specified] 

Vcc J ' 12 Volts 
0 a C to -70° C 

FilSai- and Detecior Load Resistance = SK onms 
F'fte r and Deictic?' Source Jrr.oedcncs = son 


Characteristic 


Filter 

Input impedance 
Voltage Gain 


Input Voltage 
Output Jmpeoanee 
Detector 
Input Impedance 
Input Voltage 
Voltage Gam 
Output Impedance 
Output Offset Voltage 
Power Supply Current 


Mln 

Typ 

Max 

Units 

to 



| K ohms 

- 

0 

0.5 

| -• d!3 

“ 

0 

1.5 

l ~o3 

-22 


— 

i dB 

5 


— 

i V RHS 



25 

ohms 

25 



K ohms 

5 


- 

*IU|5 

0,9& 

1.0 

1.35 

vdc/v„ ms 

■~ 


25 

ohms 



20 

rn Veils 

- 

3.0 

5.0 

mA 


Conditions 


See Figu’e 1 

Ideal Center Frequency (Fo) 
Pass Band f-fSHz from f 0 j 
S top Band (ziSOHz from F 0 i 


See Figure 2 


o* the above luned filters, speGfw'the ^vJc© aMpHo^ ACF 7J20 cTFr^uew«'^eg^ACF^''>'c^ 2 '’ l 8 o^cwh*' Z /' r 0 ‘ 0 r ^t r0n rf 
irequencloa are available woon request and a nominal oat uo charge ' 9 ' ' " P ^° ° ther Uci0fy tu?,ed 





0 0 


JZ 


FI(.7FF;/MG 

CAPACITOP 

—I h 

3.3fjF 


9 8' 


FULL A'AVs 
--0 OETtcroR 
OUl'-Ul 


ACF 73Q2C 


L 

i 3 i 5 ; 

r 1 

'LTER if-W l J 

j 

) 

7TJ } 

i 

5 FILTER OlPPU' 


Fig.? TYPICAL APPLICATION 


Table I 


Center 
Frequency 
<FO)[Hi) 

Low <3iop Band 
Frequency 
(FSBL) (Mar) 

Low Pass Band 
Frequency 
(FPBL) (Hr) 

High Peer Baud 
Frequency 
(PPBH) (Ha) 

High fitep Band 
Frequency 
(P3BHJ (Hz) 

2280 

2160 

2265 

2295 

24«J 

2400 

2280 

2305 

2413 

2520 

2600 

2480 

2535 

2615 

27 £0 

3825 

3705 

3310 

3840 

SMS 



















2600Hz Band Pass Filter 


TEATURES 

a 0 Insertion loss 

si Low Power Dissipation 

si Narrow Band Width 

n High Out of Band Attenuation 

k Can be operated with single-ended power system 


DESCRIPTION 

The ACF 7310C Is a linear hybrid band pass RG active filter. The 
ACF 731 DC is a sharply tuned filter designed to detect and pa® 
the 2600Ht signaling frequency This filter provides for & 
minimum attenuation of 30 dS plus and minus 200Hz Irom the 
ideal canter frequency. The filter is self contained and requires 
no external components fc' proper operation This filter Is 
packaged m a dun- in line configuration 


MAXIMUM RATINGS 

V c & (Max). 

\'qc (Min)... 

Input Voltage Range . 

.Storage Temperature Range. 

Operating Ampere turn Range... 


.:t18 Volts 

. ±6 Volts 

Power Supply Potsntla 1 

.-65 s Cto +150°C 

.O'Cto *70°C 






’B-?? 


JB-2JI 
























3825Hz Band Pass Filter 

FEATURES 

fa [i JB Insertion lass 
s Lew Power Dissipation 
« Narrow Band Width 
» High Out of Sana Attenuation 
k Car be operated with single-ended power system 


DESCRIPTION 

The ACT 73i 1C Is a linear hybrid band pass RC active filter. The 
ACF 7311C is a sharply tuned filter designed to detect and pass 
the 3922Hz signaling frequency. The filter provides for a 
minimum attenuation of 40 riB. plus and minus 200Hz from the 
ideal center frequency. The filter is self contained and requires 
no externa) components for proper operation. This filter is 
packaged in a dual in line package. 


•Maximum Ratings 

v cc (Wax). 

Vcc (Min). 

input Voltage Range .. 

Storage Temperature Range . 
Operating Temperature Range 


.18 Volts 

.'..5 Volts 

Power Supply Potonllgl 

.-65 a C to +160°C 

.D^Cto+TfPC 


ELECTRICAL CHARACTERISTICS (unless otherwise 
Vcc - i' 12 Volts specified) 

r A S‘i°C 
n s ••= so a 
Ri *■ 10 K 





ACF 7320C 


3 Q 0 ' 3400 Hz Band Pass Fitter 


n »,ow Noise 
h low Power Dissipation 
bj low In-band npple 
* OHS Insertion toss 

8I can be operated with single-ended power sy»te«" 


INSCRIPTION 

The ACF 7320C (S & linear hybrid band pass RC active filter. The 
J CF 7320 C provides for frequency atierrtuntion ol greater than 
•|5dB out of the pass band frequencies o f 3Q0riz to 3400Hz The 
filter is self contained and requites no external cornpononte lor 
proper Operation This filter is packaged m a single In fine 
package 


maximum ratings 

. 

touWolLs'sRj'^o .Powsr Supply Potential 

SitoraggTempefSIuraRange. 

Operating Temperature Range ..,.. oto /u w 


PACKAGE INFORMATION 
PIN CONFIGURATION 


Gi < 
ACF V32..C 




PIN FUNCTION! 
t Input 

2 NO 

3 NC 


PIN FUNCTION 
9 Gilt) 

13 NetJiiti'F** V(;S 
11 Oulf'Jt 


ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vcc = 15 Volte 

0 9 C to +70*0 

Load Resistance SWi 

Source impendBnce “ 500 


Input impedarcs 
Gain 

Frequency Reapcnso 
dc to 170H? 

.300 to 34Q0HZ 
3750 to 10000Hz 
Input Voltage 
Output Impencla-'ce 
Outoul Noise 
Output Distort ion 
Power Supply Current 



T' 

Typ j Max 


X. oh me dc to SOkHjr 

(IB F - i.OkH? 


Input iioutputtermmatodwitn 600 ohms 


percent V OUT 3.0 V„ MS 


7B-25 



























ACF7323C ACF7363C 

ACF7383C 


DTMF Tone Detection Band Pass Filter 


FEATURES 

a Standard model tony frequency settings of 697. 770, 

862 941. 1209, 1330. 1477 and 1633 and MF frequencies of 
TOO, 300, I 'lOO, 1300, 1.500, 1700 
a f 0.3% Fc tolerance 

a = 0.C<075 f )3;°C F 0 temperature coefficient 

a z 0.KV a C Q iemperature coefficient 
a Preset 0, 22 _r i0% i*.5% B.W.) 

* Filter design factory tu-'nablft over range of SCO to SKH/ 
and C. range of 10 to 30 

a Low power consumption 72mW max 12VDC 

* Can be operated with single-ended power supplies 


DESCRIPTION 

The General Instrument ACF 7323C/ACF 7363C/AC P '303C 
Band Pass Active Filters are pre-tuned active Miters assigned 
specifically for tone receiver applications These filters are avail¬ 
able ip hermetically sealed 12-lead TO-e, D.D.I.L., and S.I.L 
packages 


TYPICAL APPLICATION 
8-SECTION TONE FILTER 



ELECTRICAL CHARACTERISTICS (23°C unless otherwise 
specified! 

•V CC ; •• '12V 
-V cc . - -12V 


Characteristic 

Min 

Typ 

Max, 

Units 

Conditions 

Frequency Range 

300 


3000 

H? 

Note 1 

Q Range 

10 

— 

30 


Note 1 

F(j Accuracy 

—■ 

±0.2 

±0,3 

‘II. 


Fo Temp Coaf 

.... 

13 S 

£ 75 

ppnv°C 

(0*0 10 70®Cl 

Q Accuracy 

— 

- 

±10 

% 


Q Temp Co of 


*500 

!'000 

ppmxc 

(0°C to 70 a C) 

Voiiaad Gain 

-1 

0 

•M 

da 

(5JF 0 (0 5 C to 70® C) 

Input Impedance 

22.3 

■so 

37.5 

Kf? 


Output voltage 

— 

7 

- 

Vps.i'- 

500 it Load 

Output Impedance 

— 

— 

1 

il 

10 to i()KHz 

Output Noise 


0,23 

0.75 

mv nus 

ID »o 10KHZ 

Output Offset Voltage 

— 

±40 

‘•CO 

mV 


Positive Supply Voltage 

--5 

t12 

J 18 

V 


Negative Supply Voltage 

-5 

-12 

-18 

V 


Powe*- Supply Current ij^xICV 

— 

1.6 

8.0 

mA 


Operating Tamp Range 

D 

- 

70 

•c 


Storage Temp Rang? 

-55 

~ 

ICO 

*C 



NOTE 

For lire eight standard models, Q is presat to 22 and Fs is preset at the foni frequencies 697.770, 862, 941,1209.1336,1477 and 1633 The 
modelriurnbtr designation is ACF 73XXC — To (e.a.. AGF 7323C—0697) Other values o f Q are indicated by a dash number ACF 
7323C-0697—18), 


TESY CIRCUIT 


X 

S! q«al kx; 


-52 SKtt 
——A/Vv— 




A> 


1 OUTPIJI 

”T-] 


-SH36- 


.X 

( \ A.c VOLTMETER 

. ) OP SCOPE 


-O— - 

*%■ 


.J 


PACKAGE INFORMATION 
PIN CONFIGURATION 

ACF 7323C 



rv» too .a 

/XX, 

V %r- 

031 —J L . 1 J 1 



ns- 

- U IT 


ACF 7363 C 

* 

01 mx 


g ‘ iTi. 

i L-.— ’oo —--—** 

U—-- • 810 MAX- 


PIN FUNCTION 
1 rtC 

3 Titt Poim 
A NC, 

5 NO 

6 -Vtc 

7 GNU 
a >v cr 



PIN FUNCTION 

1 own 

? ||»u* T«» “Si'l 1 


70-26 


7&-X7 















:i£ifefe 



!! 


Dial Tone Band Suppression Filter 

FEATURES 

n 6CldB Minimum attenuation at 3S0H? ana 440Hz 
M 3QdB Minimum attenuation ai 30Hz 
o OcJB Insertion loss in passnand 
b Can be oparaleti from a single - ended power system 

DESCRIPTION 

The ACF '<’401C is a dual tuned bona suppiession RC active filter 
which has pair designed 10 r ej?cl freaueneias of 359Hz arid 
44HH2. which an* present on a telephone line Tne unit.6 total seF 
container an squires noexte'nai components proper oper¬ 
ation The filte- provides forOdB Insertion loss in th e pass band of 
597Hz. through 1633Hz, the normal DT MF Tone frequencies. The 
filter also provides for 60Hz attenuation for low noise operation 
This filter is packaged in a duel In line package 


MAXIMUM RATINGS 

Vrc 

Vco(Min) . ... . 

tnout Voltage Range . 

Storage Temperate • Kangs 

Operating t emac cture Range 


18 Volts 
5 Volts 
Supply Potential 
•65 3 Clo1S0 , C 
. 0 c Cto70"C 


ELECTRICAL CHARACTERISTICS (unless otherwise 

*'c. ‘ 1 ? vails % - 50fi &'J»C'fied) 

\\ ' 5Ksi 0 , Ctor0°C 


PACKAGE INFORMATION 
PIN CONFIGURATION 

PIN IDENTIFICATION DOT 

}j 


ACF 7401C 
G' XXXX 


hL_.! 




-►;r - «sr* 

PIN FUNCTION 


Ml - U)l’.«rri M.'inoclior'i, 
'pquiri'fl bri««er. ftiis. i 
Iff'' 124 IP No vl':c ! /’'. 


L*. .. 101) ^'TYpfTOL soil CL.M 
FUNCTION PIN FUNCTION 


>* r»sl p.-si 
15 NC 
Cuipu* 


Charon tor is tics 

..... 

Mm 

Typ 

Max 

Units 

Conditions 

input impedance 

30 




K onms 

: nput Voltage Range 

Frequency ResoonsE 1 


“ 

Vcc 

volts 

Referenced to 941 Hz Gain 

r • 30Hz 

•30 

— 

— 

c!0 


3501-12 

-60 

— 

- 

cIB 


iv " 440HZ 

-80 

- 

— 

dB 


h- 680 to 1750Hz 

-0.5 

0 

0.6 

dB 


-- 1750 10 3000HJ 

-0.6 

0 

'0.8 

dB 


iOOOOHz 

— 

-3.5 

- 

<JB 


[ s ; . Output impedance 

..... 


25 

ohms 


Output Voltage Range 

5. 

— 


Volts p-p 


p...; Power Supply Current 

... 

- 

3.0 

mA 



NOTE 1 Or equivalent single ended Dower supply 



2SOOH2 Band Suppression Filter 

feature 

63 rf B Htiemmtion from M»« to *>«!* 

I ,cv Pf.wer OWIpallon 

° Natro v* Bond Fle|oo«m 

I can #* MW ' SV8 '” m 


description o 

. r - -.,.,00 IS a nnea r nyond band suppression Ru At-uve 
cSte^mACF 7410C « « sharply tuned filter designed to W* 
F * fi«- ,-anaiinq frequency This niter provides for a 9 dB 
m t inn to match the characteristics of a passive filter system, 
f 11 Addition ha filter provides e minimum attenuation ot 69 dB 
oius and minus iSHz from the ideal center frequency of 2600Hz. 
This fill®' 15 Piaget! in a c*ual m ’me configuration. 


MAXIMUM RATINGS 

V cc fMaxi.. 

V cc (Minl. 

Input Volt eg e Range. .. 

Storage Temperature Range .. ,, 
Operating Temperature Range . 


ELECTRICAL CHARACTERISTICS (Unless Otherwise 
at v cc - -1? volts. Specified) 

f A - 25"C 
R s **S0S2. 

\ - 10K 


. 113 Veils 

. ? 5 Vglis 

wver Supply Potential 
. . -B5"C to HS0“C 
. . ..0°c to *70 # C 



Voltage Gam 
Frequency Ftesponse 


tmput 'mperfanco 
Output Offset Voltage 
Output impedance 
Harmonic Distortion 
Current Drain 


* 1.0 

-0 6 


package information 

PIN CONFIGURATION 

(1 K 

...... —... 1650 -.—-«*j p- W 

ACF 741C-C j|ic36 

Gl XXXX I 


l - **" - WIN 

-f'f 


|i^iii65iawle©iiE0J r .t 


L J—0» *” V* 

ryp 

Plrt FUNCTION «N FUMC1 lOU FIN FUNCTION 
. p <i .12VCO 18 -12VDC 

- ,a NC '« OullHIl 


22 3 Input 30 NC 


PIN FUNCTION 
2G NC 

21 Stai<> 2 liipu 1 
28 NC 

Output 


4 T I 

__ \1*" l I 77777 ?/? 


7rfr/rs/$r//?, x 




T^Taooa'zMio '?«oo z'bod 2000 moo w» *«*> *** 

•REOUEHCY !N w 


pig. 1 FREQUENCY RESPONSE LIMITS ACF 7 4100 


Units 


■0.5 

-5.0 


0.5 

6.0 


dB 

dB 


mA 


Conditions 


100CH7 

Referenced from the 1000Hz Gam £is 0 oB 

250Hz to 220Hz 

2200Hz to 3400Hz 

2585HZ to 2615HZ 

2800Hz to 3000HZ 

3000Hz to 3400HZ 


V Q x - 4.0 V OP , Free = 1 0kHz 















FEATURES 

n Small Sire 

si Low Power Dissipation 

ai 60 dB typical attenuation 

a Car- be operated from single-ended power system 


DESCRIPTION 

The ACP748PC is a linear hybrid RC notch active filter providing 
for 60 Hertz suppression. The ACF 7480C provides for a typical 
attenuation ot 60d8 plua or minus 0 . 1 Hz from the center 
frequency The filter is self contained and requires no externa' 
components for proper operation. 


MAXIMUM RATINGS 

Vec(Max) . i IBVous 

Vcc(Mln) .....r 5 Volte 

Input Voltage Range.PowerSupply Potential 

Storage Temperature- Range. -65* C to *150°C 

Operating Temperature Range.0 B Cto-70°C 




ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

V c c '■ 1 5 Volts 
0°C to *70°C 
Load Resistance = 10K« 

Source Imgedarice = 50n 


Characteristic 

Min 

| Typ 

Max. ! 

Units 

Conditions 

Input Impedance- 

100 


- 

K ohms 


dc to 50Hz 

— 

C 

i:0.25 

dB 


S7Hz, 63Hz 

-3.0 

— 


dB 


59.75Hz, 60iSHz 

-40.0 

- 

— 

dB 


59.90Hz, 60.10Hz 

-51) 

-60,0 

~ 

dB 


70Hz to 20KH2 

— 

0 

-0 25 

dB 


Ouiput Impedance 

— 

— 

25 

ohms 


Output Voltage 





Lass then 0.5% Harmonic Distortion 


16 

— 

— 

Vp-o 

at l.OKHz 

Power Supply Current 

— 

3.0 

6.0 

1 mA 


Gain 


o ! 

*6 

; dB 

Referenced to 1.0KH2 


7 0-30 



ACF 7711C 


OfWlF Band Separation Filter 

FEATURES 

. Dual Filter -n one package 
’ , 5 dB minimum out o< band attenuation 
9 L ow in band ripple 
* 0 d0 .nsartlon loss 

B so dB minimum out cf bana attenuation at 8*1 H 2 
and 1 2t>9 hk respective 
u , iqw power dissipation 

n can be operated from a slngle-enaed power system 

DESCRIPTION 

Tne ACF 7711C is a dual RC active 1ilte r which has been designed 
. Df0 vide channel isolation between tne low frequency group of 
ihflTone (DTMfl *raqueociM or 897Hz through 941 Hi, and the 
Kioh irequency group of the Tone (DTMF) frequencies of 1209Hz 
through 1633Hz This dual filter is packaged in s duel in line 


PACKAGE INFORMATION 
PIN CONFIGURATION 

m .700 *»k»~.S2t>—*1 


..700 -— 

L 


nS? 4 ! fT< 
! 1 , 
Mp" 


GiXXXX 
AC P-7711C 

- 


. .J l lJl HW I ItWgl”. -^- 


MAXIMUM BATIN3S 

Vcc (Max).-MB Volts 

£>rn) .^volte 

input Voltage (at V cc max).■ • • ' J °j£ 

Storage Temperature Range . -•65°clo*1!>0 C 

Operating Temperature Range.(PCto-WC 

ELECTRICAL CHARACTERISTICS (unless otherwise noted) 
V cc • 12V (Note I) 

8, 1 5K -? 

P. s - 50 !> 

Q°C to 70° C 


Low Group Filter Section 

Input Impedance - 

Input Voltage Range 

Gain 

Frequency Response 
300Hz to 941Hz 
1209Hz 

1209Hz to 1700Hz '• 

Output Voltage Range -i 

Output Impedance 

High Group Filter Section 

'nput Impedance 6 

Input Voltage Range 

Gain 

Frequency (Response 
1 ?09H.z to 1700Hz 

941Hz -I 

841 Hz to :’00Hz -1 

Dutpul Voltage Range 
°Wput Imp edanco i 

Supply Current 

NOTE; 

^ Or equivalent single - ernJea power supplies 


PIP FUNCTION PIN FUNCTION 

| l.ew GroL-D Output ® Ir |..‘slD30 inpu. 

■i pEie Viv 10 re-1 r’Birn -j 

1 T«lF§mt«2 M H'«51 «Wip OWM 

J l.i>w Group Input 12 Vt'd^Oroap Input 

S li'ilorstaiit Ci(il;i j: F3 13 te-H Poml *1 

3 GNDki i-i "Miuavci 

7 QND 13 isiicisuge Oulpui 

S Point F-1 16 IniC-T.WSiTlupMS J' 



Min 

Typ 

Max. 

Units 

30 



K ohms 


— 1 

.£.12 

Volts 

-- 

0 

tO-25 

dB 

-.75 

0 

-.75 

dB 

*30 



dB 

*25 

— 

— 

dB 


_ 

— 

Volts 


- 

10 

ohms 


_ 


K ohms 


— 

.*.12 

Volts 

- 

0 

t0.25 

dB 

* 76 

0 

+1.5 

dBp-p 

-30 


- 

dB 

-25 


— 

dB 

’.10 

— 

— 

Volts 


— 

10 

ohms 

- 

4 0 

5.0 

mA 


Reference to 9*iHz Gain 


Reference to 1209Hz Gam 


7C-31 







































DATA COMMUNICATIONS 


FUNCTION 

DESCRIPTION 

PART 

NUMBER 

PAGE 

NUMBER 



AY-3*1015 

8A-2 


Complete 5-8 bit senal,' parallel 

AY-6-1013 

8A-2 

UAR/T" 

paraiiel/senai interlace 

AY-5-1013A 

8A-2 



' AY-3-1 Q14A 


P/SAP 

A programmable receiver that 
interlaces variable length serial 
data to a parallel data channel 

AY-8-14726 

8A-16 

P.'SAT 

A programmable transmitter tnst 
interlaces variable length 
parS'iel data to a serial data 
channel 

AY-8-14820 

8A-17 














Eal 


AY-5-1013A AY-3-1014A 
AY-6-1013 AY-3-1015 


GENERAL INFORMATION 


UAR/T Universal Asynchronous Receiver/Transmitter 


FEATURES 

H DTl and TLL compatible—no interfacing circuits required- 
drives one "HX load. 

■ Fully Double Buffered— eliminates need for system 
synchronization, facilitates high-speed operation 

« Full Duplex Operetion-can handle multiple bauds. 

(receiving-transmitting) simultaneously 
a Start Bit Verification—decreases error rate with center 
sampling 

■ Receiver center sampling of serial Input; 46% oistortion 
immunity. 

a High Speed Operation, 
a Three-State Outputs—bus structure capability. 

» Low Power-minimum power requirements. 

« Input Protected—eliminates handling problems. 

AY-5-1013A 

B GIANT P-cnanoel nitride process. 

B 0 to 30kbaud/0 to 40kbsud. 

■ Pull up resistors tov cc on all inputs. 

AY-6-1013 

■ GIANT P-channef nitride process. 

■ 0 to 20kbaud. 

* Extended Operating Temperature Range. 

-40°C to ’65°C (plastic package) 

-55°C to ■‘■125°C (ceramic package) 
a Pull-up resistors to V cc on all inputs. 

AY-3-1014A/1015 

■ Single Supply Operation 
M.75V to +T4V (AY-3-101M) 

+4.75V to +5.25V (AY-3-1015) 

m CMOS compatible (AY-3-1014A). 

* Vh stop bit mode. 

■ External reset of all registers. 

0 GIANTITN-channel Ion Implant Process 
a 0 to 30k baud 

* ^ u|| -up resistors io V cc 0 n all inputs (AY-3-1015). 


DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter (UAR/T) is 
an LSI subsystem which accepts binary characters from either a 
terminal device or a computer and receives/transmits this 
character with appended control and error detecting bits AH 
cheracters contain a start bit, 5 to S data bits, on e or two stop bits 
<1* S, °P bit capability with the AY-3-1014A/1015), and either 
odd/even perity or no parity. In order to make the UAR/r 
universal, the baud, bits per word, parity mode, and the number 
of stop bits are externally selectable. The device Is constructed 
on a single monolithic chip. All Inputs and outputs are directly 
compatible with MTos/MTNS logic, and also with 
Ttl/DTL/CMOS logic without the need for interfacing 
components. All strobed outputs are three-state logic. 
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p|N FUNCTIONS 


Pin No. 

Name (Symbol) 

Function 

1 

Vcc Power Supply (V, x .) 

-5V Supply 


V<,,; Power Supply (V« 1C ) 

-12VSupply (NotconnecteclorAY.3. ioi4A.'iQ15) 

3 

Ground (V,.,) 

Ground 

4 

Received Data Enable (RDE) 

A logic "0" on tne receiver enable une oiaces the receiveo aata 
onto the output lines 

5-12 

Received Data Bits (RD8-RD1) 

Tnese are the 5 data output linos. Received cnaracters are right 
justified: the LSB always appears on RD1 These lines have tri¬ 
state outputs; i.e.. they have the normal T TL ouput characteris¬ 
tics when RDE is "O” and a high impedance state when RDE is 
■1 ".Thus, thedata output lines can be bus structure oriented 

13 

Parity Error (PE) 

This lines goes to a logic "1" if tne received cnaracterpamy noes 
not agree wiih the selected parity Tri-state 

14 

Framing Error (FE) 

This line goes to a logic "1" if tne received character has no valid 
stop bit. Tri-state 

15 

Over-Run (OR) 

This line goes to aiogic "V'lf thepreviously received character is 
not read (DAV 'ine not reset) before the presen 1 character is 
transferred to the receiver hold mg registe r T ri-state 

16 

Status Word Enable (SWE) 

A logic “O" on tms line places the status word diis (PE, fe. OR, 

DAV, T BM T) onto the output lines Tri-state 

17 

ReceiverCI ock (RCP) 

This line will contain a cIock whose frequency is 16 limes i16Xi 
the desired receiver beud 

18 

Reset Data Available (ROAV) 

A logic “O’ will reset tne DAV line TheDAv F/F 15 only tmngthaf 
is reset 

19 

Data Available (DAV) 

This line goes to a regie 'V when an entire character nas been 
received and transferreo to the receiver holding register In¬ 
state. Fig. 12.34. 

20 

Serial Input (SI) 

This line accepts tne serial bit input stream. A Marking (logic "1") 

10 spacing (logic "CT) transition is required tor initiation of data 
reception, Fig.11.12,33.34 

21 

Exiernal Reset iXR) 

Resets bH registers (except tnat tne received aala register is not 
resot in the AY-5-1013/1013A and aY- 6-1013) Sets SO EOC 
and TBMT to a logic “i" Resets DAV. and error flags to “0". 

Clears input data butter Must be tied ta logic “0" when not in 

22 

TransmiiterBufferEmoty (TBMT) 

Tne transmitter Duffer empty flag goes to a regie "1" when tne 
data bits holding register may be loaded with another character 

Tri-state. See Fig.1B,20,40.42 

23 

Data Strobe IDS) 

A strobe on this line will enter the data pits into the data bits 
holding Nigister Iniiial data transmission is initiated by the rising 
edge Df DS. Data must be stable d u rl ng er-ti re strobe 

24 

End of Character (EOC) 

This line goes to a logic "1" eacn time a lull character is transmit¬ 
ted. It remains at this level jntil ihe start of Iransmission of the 
next character. Sag Pig,i7,19,39,4l 

25 

Serial Output (SO) 

Tms line will serially, py bit. provide the entire transmitted char¬ 
acter. it will remain at a logic "1" when no data is being transmit¬ 
ted. See Fig. 16. 

26-33 

Data Bit inputs (DB1-DB8) 

There are uo to 8 data Dit input tines available 

34 

Control Strobe (CS) 

A log ic T on this lead will enter the control bits (EPS, NB1. N B2, 

TSB, NP) into the control bits holding register This line can be 
strobed or hardwired to a logic "1” level 

35 

No Parity (NP) 

A logic "i” on this lead will eliminate tne perity Dit from the 
transmitted and received character (no PE Indication) The stop 
bit(s) will immediatelyfoliowthelaatdatabit ifnotused. this load 
must be tied to a logic ''0" 

36 

Numberof Stop Bits (TSB) 

This lead will select the number of stop bits. 1 or 2. to De 
appended immediately after the parity bit. A logic"0“ will insert 1 
stop bit and a logic "I" will insert 2 stop bits For the AY-3- 
1014A/1015. the combined selection ol 2 stoo bits and 5 
bits/characte r will produce 134 stop bits 

37-38 

Numoerof Bits/Character (NB2. NB1) 

Tnese two leads will be internally decoded to select either 5,6.7 
orBdata bits/character 

N32 NBi Bits/Character 

0 0 5 

0 1 6 

1 0 7 

1 1 6 

39 

Odd/Even Parity Select (EPS) 

The logic level on this pin selects the type of parity wmch will oe 
appended immediately after tne data bits, it also determines the 
parity that will be checked by the receiver A logic "0" will insert 
odd parity and a logic "1" will Insert even parity 

40 

Transmitter CIock (TCP) 

This ime will contain a clock whose frequency is 16 times (I6X1 
the desired transmitter baud 
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TRANSMITTER OPERATION 



Initializing 

Power 'S applied, external reset is enabled and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
above conditions will set TBMT. EOC. and SO to logic “1" (line is 
marking). 

After initializing is completed, user may set control bits and data 
bits with control bits selection normally occurring before data 
bits selection. However, one may set both DS and CS slmui- 
taneo usly if minim um pulse width specifications are followed. 
Once Data Strobe (DS) is pulsed the TBMT signal will change 
from a logic“1" to a logic “O’* indicating that the data bits holding 
register is filled with a previous character and is unable to receive 
new data bits, and transmitter shift register is transmitting pre¬ 
viously loaded data. TBMT will return to a logic T. When 
transmlttershift register is empty, data bits in the holding register 
are immediately loaded mto the transmitter shift register for 
transmission. The shifting of information from (he holding regis¬ 
ter to the transmitter shift register will be followed by SO ana 
EOC going to a logic "O", and TBMT wil 1 also go to a logic "1" 
indicating that the shifting operation is completed and that the 
data bits holding register is ready toaccept new data, It should be 

remembered that one full character time is now available for 
loading of the next character without loss in transmission speed 
due to double buffering (separate data bits holding register and 
transmitter shift register). 

Data transmission is initiated with transmissionofa start bit, data 
bits, parity bit (if desired) and stop bit(s) When the last stop bit 
has been on line for one bit time, EOC will go to a logic T‘ 
indicating that new character is ready for transmission. This new 
character will be transmitteo only If TBMT is a logic "0“ as was 
previously discussed 
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RECEIVER OPERATION 




Initializing 

Power is applied, externa' reset is enabled, and eloex pu/se is 
applied having a frequency of 16 limes the desired baud The 
previous conditions will set data available (DAV) to a logic ) 

After initializing is completed, user should note that one set of 
control bits will be used for both receiver and transmitter making ! 
individual control bit setting unnecessary. Data recaption starts 
when serial input signal changes from Marking (logic 'T) to 
spacing (logic‘‘0") which Initiates start bit. The starCbitisva.ia if. 
after transition from logic “I" to logic “0”, the SI line continues to 
be at logic "0". when centar safnpled, 8 Cock pu.aos later, it, j 
however, line is at a logic ‘T’ when center sampling occurs, the 
start bit verification process will be reset. If the Serial Input line | 
transitions from a logic ‘T to a logic "0" (marking to spacing) 
when the 16x clock is In a logic‘T state, the bit time, for canter 
sampling will begin when the clock fine Iransitions from a logic 
“VMo a logic“0" state. After verification of a genuinestart bit. data 
bit reception, parity bit reception and stop bit(s), reception 
proceeds in an orderly manner 

While receiving parity and stop bit(s) the receiver will compare 
transmitted parity and stop bit(s) with control data bits (parity 
anc number of stop bits) previously sel and Indicate an error by 
changing the parity error flip 'lop and/or the framing error flip 
flop to s logic “l". It should be noted that If the No Parity Mode Is 
selected the PE (parity error) will be unconditionally sel to a logic 
• 0 " 

Once a full character is received, internal logic locks at me data 
available (DAV) signal to determine if data has been the read out 
If the DaV signal is at a logic 'Y the receiver will assume data has 
not been read out and the over run flip flop of the status word 
holding register will be sot to el ogle "I" Ifthe DAV signal Is at a 
logic "0" the receiver will assume that data has been read out 
After DAV goes to a logic ‘T, the receiver shift register ! s now 
ready to accept the next character and has on© full character time 
to remove the received character. 
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AY-5-1013A 
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Flg.3 TRANSMITTER BLOCK DIAGRAM 



Fig.4 RECEIVER BLOCK DIAGRAM 


£tE CTRlCAL CHARACTERISTICS 


Start* 

Vco : 


maximum Ratings* 

to ftJSS!? InpiX <»" h ' aspec ' 10 Vc0 

tandard Conditions (unless otherwisa noted) 

' -12V ±5% 

Temperature (TO - °°£ “ ^ 7 0 ££ A Jv-Wofi Piastre Pacsage) 

:^ C ,'°.t 8 ^C IAY-6-1013 Ceramic Pack*,.) 


'pC CHARACTERISTICS 

Input Logic Levels 
Logic a 
Logic l 

Input Capacitance 
All Inputs 
Leakage Currents 
Three State Outputs 
Data Output Levels 
Logic 0 
Logic 1 

Output Capacitance 
Short CkL Current 
Power Supply Current 

' 6G | 25° C.alt inputs-5V 

Icc ) 

AC CHARACTERISTICS 
Clock Frequency 
Baud 

Pulse Width 

Clock Pulse 

Control Strode 
Data Strobe 
External Reset 
Status Word Enable 
Reset Data Available 
Received Data Enable 

Set Up & Hold Time 
Input Data Bits 
Input Control Bits 
Output propagation Display 
TPDO 

TPD1 


- 20 '°%tr Z wTTh.» Min* re no. implied 

' 65 *3 3 o-5 --opereilng ranges are speeded below 



, i a= -i 6mA max.) 

Unit nas Internal pullup resistors 

0 volts bias. 1= tMHz 

0 volts 

l 0L ~ 1-SrrtA (sink) 
i 0M ^ 3mA (source) 

See Fig.2b 

ay-5-1 013/101 3A - See Fig.25 
AY-6-1013 * See Fig.25 
AY-5-1013/1013A - See P>g 26 
AV-6-1013 

t A = 25° C. output load 
capacitance 50pF max 
AY-5-1013A 
AV-6-1013 
AY-5-1013A 

AY'6-1013 

AY-5-1013A - See Fig.9 

AY-6-1013-SeeFig.9 

AY-5-l013A-See Fig 15 

AY-6-1013 

AY-5-1013A-See Fig 

AY-6-1013 

AY-5-1013A - See Fig. i3 
AY-6'1016 

AY-5-1013A - See Fig. 21 
Ay-6-1013 - See Fig 21 
Ay-5-1013A - See Fig- 22 
AY-6-1013 - See Fig. 22 
AY-5-1013A - See Fig. 21 
AY-6-1013 - See Fig. 21 

See Fig.14 
SeeFig-15 

ay-s-ioisa-smPb 21 s f 

AY-6-1013 - Sea Fig. »}\ 

AV-5-1013A - See. Fig i\ » 

ay -6-1013 - Sea Fig. 21 & 2A 















TIMING DIAGRAMS 



NOTE SEE 'IGURES 7, B, 9 FOR DETAILS. 

TRANSMITTER INITIALLY ASSUMED INACTIVE 
AT START OF DIAGRAM, SHOWN FOR 6 
LEVEL CODE AND PARITY AND TWO 5TQS>9 
I BIT *IME ‘ 16 CLOCK CYCLES 



IF TRANSMITTER IS INACTIVE THE START 
pulse will appear on line within 
1 CLOCK CYCLE OF TIME DATA STROBE 
OCCURS SEE RETAIL. 

SINCE TRANSMITTER IS OOUBLE BUFFERED 


another data strobe can occur any¬ 
where DURING TRANSMISSION OF 
CHARACTER I AFYgR TBMT GOES HIGH 



Flg.S UAR/T TRANSMITTER TIMING 




Fl 0 .6 TRANSMITTER AT START BIT 



NOTE CONTROL STROfiL MAY BE HARDWIRED TO V 

'NTHA T CASE, DATA MUST BE STABLE DURING ILLEGAL CS TIME 



flfl.7 TRANSMITTER AT START BIT 



ANY PULSE WIDTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE 


Flg.B ALLOWABLE POINTS TO USE CONTROL STROBE 


Flg.9 ALLOWABLE TCP, RCP 


TIMING OlAGRAMS 
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TIMING DIAGRAMS 
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Flg.17 EOC TURN-ON 


Fig,18 TBMT TURN-OFF 


Flg.19 EOC TURN-OFF 


V 


I—- ips ryp -H 

Fig,20 TBMT TURN-ON 



Flg.21 RDE, SWE 


_SOO^flS_, 

Flg.22 RDAV 


TYPICAL CHARACTERISTIC CURVES 



Hg.23 SHORT CIRCUIT OUTPUT CURRENT 



Fig.24 RE1.RD8, PE, FE, OR. TBMT, DAY 
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CASE TEMPERATURE. i*C) 

Flg.25 -12 VOLT SUPPLY CURRENT 
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Fig,25 *5 VOLT SUPPLY CURRENT 





electrical characteristics 
M axlRi um Ratings 

[With respect to V e U 
Sage Temperature 

10 

Standard Conditions (unless otherwise noted) 
, - .4 75 to -14V (AV-3-131OA) 

V - .4 75V to -5 25V (AY-3-1015) 
vwrating Temperature ( Y,) = D S C to-Tff C 

Characteristic 

DcTcHABACTCdtSTiCS 
Input Logic Levels (AY-3-1014A) 

Logic 1 ntV cc -“-AY 6V 
at V cc • -14V 

Input Logic Levels (AY-3-1015) 

Logic 0 
Logic 1 

Input Capacitance 
All inputs 
Output Impedance 
Tri-State Outputs 
Data Output Levels 

"ogic'l: AY-3-1014A/1015 
AY-3'1014A only 
Output Capacitance 
Snort Ckt. Current 

Power Supply Current 

, ,, u r .. = *5V t AY-3'1014 A) 

CC at Vcc v -14V (AY-3-1014A) 
loc 41 Vcs fl *5V ( AY-3-1015) 

A.C, CHARACTERISTICS 


Clock Frequency 
Baud 

Pulse Width 

Clock Pulse 
Control Strobe 
Data Strobe 
External Reset 
Status Word Ena me 
Reset Data Available 
Received Data Enable 
Set Up & Hold Time 
Input Data Bits 
Input Control Bits 
Output Propagation Delay 
TP DO 
TP01 


—0.3 ta +16V 
-65° C to +1 50° C 
0 ° C to * 70° C 
*330°C 


• feeding ihese ratings could cmaa pern^ 

gffl 

-operating ranges are specked belo . 



| Max 

Units 


Volts 

Vcc *0- 3 

Volts 

Vcc + °- 3 1 

Volts 

0.8 

V cf ^0.3 

Volts 

Volts * 

PL 

20 

pF 1 0 ’ 

- 

MH 


Volts V. 


Volts 1 k 

- 

Volts Ic 


pF 


_ S 

15 

mA S 

20 

mA 1 ! 

15 

1 

j AS0/400 

r 

KHz 

30/25 

Kbaud ; 

... 

F s 

— 

i ns 


ns 

- 

ns 


1 ns 

- 

1 ns 1 


ns 1 

. 

ns 1 

500 

1 ns i 

_ J 500 

ns ] 


“Typical values are 


at +25’ C and nominal voltages 




See Fig.45. 






capacitance 50 p p max 
al Vcc = -4.75VM4V 
at Vcc s -4.75V/+14V 
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AY-8-M72B 


PRELIMINARY INFORMATICS 


P/SAR Programmable Synchronous Asynehonous Receiver 


“ piT^'n 1 & DTL Can P aUb l fl ~ Internal Active Input 
Pull-Up OoWcen &. Push-Pull Output Buffer!; 
m Programs able Mode A Clock Rate Selection — 
Asynchronoua a Isochronous - IX. fgX, 32X or G4X Clock 
Rate Synchronous Internal or External Character 
Synchronisation. 

* Programmable Transmission Codes — 

B DC High $pood Operation — 

Bit Rate to 300K Sfts/Sec with IX Clock 
■ Double Suffered Receiver 

DESCRIPTION 

Tho Gendrai umlrument AY-9-1472E P/SflR ,s a Pronrammaste 

,!2 rf ,a06s ,a,labls •«"»»> «« <** to a ptrufei 

•1st,, aha,."ft. The mnr «mm a M aata stream 

'vi s?" h i ' mat W*> a " *m*M 

Synohronsm, Asynchronous, or Isochronous hut. 
communications media. n w 

Conifluous synchronous sen,,l awretors are umpir'd in „ 
programmatua Malch-Chnraoier Holding Register characsn 
sym-hronlrao and assort,led. PragrammL the “yrchwou 
or uootirorwut Mode provides assornbly o, characters with start 
and stop b„ » which art, strippnd J , he as1 7ZT!l‘l, 

aS«^ nCt| o n * i, ' ,T,, - S ' ate ° u ' w ’ ll "“"'=« a 'd^ 


PIN CONFIGURATION 

“n lead dual in line 


BLOCK DIAGRAM 


BF!£ a. Dim sfh PE „ s E ,, si -, NPUt FC , R 


CAL - r~T rn "y m u * ~ c ' s '" -INPUT FOR 

pH— Ld 0 Y“ T” 1 * ' v ** ssr 

epe yz-'~ j j j ; 

PI>:S " -kJ -^-— L — jl -> —i-j 

WuS, N 6 -TIMiNCii fi CONTROL I _ 

I— _ I 1 

wis,y£_ “ktrol ^ T T~ -- 

REGISTER j . _ _ _ _ I 

i I r— -A -1 1 r _ 




RECEIVER REGISTER 


~~~H3 * 


receiver holding register 


match-Character holding register 


J I 8 UYd Jr T? JFTJ* J;; J I* L Trn~J^~n— lt-; -r— r 

:ws Bnj *•'- - - ■* - A A A A i. A: A A 2 
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AY-8-1482B 


PRELIMINARY INFORMATION 


p/SAT Programmable Synchronous Asynchronous Transmitter 


features 

g p,recty TTL & DTL Compatible — Internal Active Input 
pull-Up Devices & Push-Pull Output Buffers 
s programmable Mode Sfrtection — 

Synchronous — P'ograromabl© Fill pole) Cnnracter, 
isochronous — Programmable Fill Character with Start 
& Stop Pit; Asynchronous — Single or Double Stop Bit 
Generation with 1.5 Stop Bits or S-leval Codes 
a programmable Transmission Codes — 

Character Length of 5,6,7 cr 8 data ails plus Parity, 
Evon/Odfi Parity Generation. Parity Inhibit 
a programmable- Clock Rate — 

Asynchronous tv Isochronous Moae Selectable Oiyiaer Ratios 
for IX, 16X. 32X or«rtX Cock Rate. 
b DC to High Speed Operation — 

Bit Rate to 1O0K BHs/Sec with IX Clock 
a Double Buttered Transmitte' 

DESCRIPTION 

The Gerer*il Instrument AY-8-1428B P'SAV is S Programmable 
Transmitter that interfaces variable length parallel incut data ro a 
serin channel Tire Transmiiter converts parallel characters into 
a se-ial data stream with a formal compatible with ah standard 
Synchronous Asynchronous or lyochronouft cats com¬ 
munication media 

Contiguous aerial characters are tr ansmitted mthoSyncnronous 
Moca with the automatic insertion of a programmable Fill (Idle) 
Character during -Jib absence of parallel input data 
Programming the Asyncnrorious mode provides ''Start-Stop 1 ' 
.serial data transmission with automatic maartlcn ol Start and 


PJM CONFIGURATION 
40 LEAD DUAL IN LINE 


YHfiL C i0 Jip V 


Step B’ts(s). isochronous mode selection provides data 
transmission with a sir.gic Start and Stop Bit with the added 
capability of programmable Fill (Idle) Character insertion during 
the absence of para/iaf Input data. Four internal registers and a 
multiplexor, li> conjunction with Tri-State Outoui Lines, provide 
full system versatility 


BLOCK DIAGRAM 


THRl. TR„ 

f I 

T!i 7 TR q Til, TFi 4 VR, TR ? TR, 

'Yds '|34 |s? v |30 n |28 'J26 ’|a4 

i 4. .... 4 ( t » . t 

-t_ 

transmitter holding register j 

T HBE —-— 

"T 7\ T“ 

-J < r> 

CRL -, 

Ml [7= 


J T___ 


CSi y—te 
C!„>-<-* 2 

MS. o 

WLS,^?-^ ° 

wi..s.V 1 -3-*4 
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MULTIPLEXER 
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L .7T- 
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__11^/f TIMING 6 COMTfiCl 
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CLK CTS OAR DA DC? rco 
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PART 


NUMBER 


NUMBER 


DESCRIPTION 


FUNCTION 


RANDOM/ 

SEQUENTIAL 

ACCESS 


Multiplexes 16 analog cnaom ls. 
with on-chip logic control 


MULTIPLEXER 


4 CHANNEL 


MOSFE1 

ANALOG 

GATES 


6 CHANNEL 


8 CHANNEL 


10 CHANNEL 


MULTIPLEXE 


bTIMICRO 

.««J ELECTRONICS 


m 


AY-5-1016 AY-8-4016 


Random/Sequenttal Access ft 


Multiplexers 


FEATURES 


: Cu'S otVo?* wllh rrL/aTL «<»■** 

^urrpnt or voltage m odoe of operation 
“ ndo,n 0f sequential access P 
I 21?" ® n w dad or dflfarentfal operation 

mS " * ,l "'* r *» « m*m «ee ss 

- ,0 ' 

* ?’ !iram ely Wgh o(f.resi5iene<, 

Ay-6^0tS---6S*CtoM2s*c 

Zoner netW3rk Protection on an input leads 


OESCftfPTiON 



8 El -!> 


F» 1 N CONFIGURATION 

40 LEA C DUAL IN u/NF 


Top View 


AwllftVj d* • 
E^lnput □ ? 
2*inpw d 3 
H i 

Load Enebje q 

DUi&cwm Moo* Control H 6 
Vfcoi-iao d 
Channel 8 r 
Cisnnm 9 d 
Cfiannol 10 q 
Crannei r 


Jh? AY-5-1016 and AY-6-4016 are each a ir Chm^, B 
sequential Access Muttlotara Chan " S( Random-- 

stage binary counter a 4 y ir rw i dl,1IR9 8 programmable 4 
double-throw switches matrix fiRd 

r* ~-*«■« 

Current Mode. malrtiinq re-Vtnr 0 ^ n Ccnjunctic,r ' With the 
curacy, The Differentia? Wnrta r ^ provide P lo improve ac- 

operateas eight nana^rf Dnii- *h^ n -- ,t> » a, 0 . lvs fhe sw ttchea io 

muilipit* AY-5-1(>7g’t, ) 0 f AY-e-'ioieiwo be'* lnhib ' ?Jin3alk> ws 
larger multiplexing arrays TheuIfriplniS ''° nnec!e,:5 * »rm 
ehronous ioadina of!,* 1 E " abte COntro1 allows syn- 
Ironsltion cf the Clock The OC^SmlJIS * ‘° W to h ’ flh 
asynchronous loedinq of the nrirtroff? co ? lfo1 ,s provided for 
Clock find Loan Enablelnnut?rl,n J hpU n lndepsndfil1 ‘ of the 
everCbannoi 15 is selecter/and i ^® y r ? c .? u;put oc,;urs when- 
#>* L'equsntiai mode 0 op a ^n* a ' ! ° VV 

Output to the Load EmK £ ^ C ° nn8Ctm 3 the Svnc 

programmed via the address incite Anv Hariri en?,f ' oan be 
*1^e 5C < nbe pr 0fl ^^ 


Clanti^ji 12 q 

Cnanaa* 13 n 

o»Ti«i i4 q ij 
Channel is d is 
N C. d lb 


N C. q !fj 
sPf,-PS Ellis 2 Q .? 
Maicfuriji ntsicroi- j d 1[t 
Sn-jhiBus q if 

*s.iGNn) q ed 



Jft 
















ELECTRICAL CHARACTERISTICS 
Maximum Ratings 

Vm ind V, „ respscl m y< 

KLT““'” r NMM S* to s v" h 10 fe) 

wiortge Tgfnpfirafufe 

Operating TemparslUM Hnrwje 


fonditti™ Utnlass o:te™ isB slaHM , 

V.., -OND 


-20V ki *0.3V 

-2ov to -^o.av 

-20V to ;jv 
- 20V to .3V 

-55 C C to •*-150*0 
OX»L?0"C(AY.S-1016) 
wi> - *0 +'»25 e c (AS'-6-*l01fi) 

Operating 1 empsraii/re (T <0 - 


^Deration or lf1ese 
corrd/ltorta . 8 not ,m p ,^ SS ’ 

rangus »msoTOlMdt.^ 


■O'CIO +?0<-i:; {AY-S-101SI 

WCto-^cwYnMoio 


--operating 


Characterisilc 

Ciocti Inpjja ($ e& pig-jj 
nepetftorr P.:r« 

Clock Pulse Width (./.pw) 

^ oc | t Pulse Width piipw) 

Clock Pulse Dafay (dd) 
t-CrjiC LeV8jS 
L ogic "O' 1 ’ 

Logic " 1 * 

Input Capacitance 
Jnput lmpedanc.fr 
Rise & Fall Time (u, rfi 
Hise & Fail Tune Rr, >ti 
Noise Immuniiv 
Address Irpuis (See Flg.t; 
OIock Lead Ti mf - 
Logic Levels 
Logic “0 “ 

Logic "I" 

• rtpui Capacitance 
Input Impedance 
Noise Immunity 

Load Enable input (See Fig.i) 

Clock Leas Time 
Logic Levels 

Logie -0" 

Logic "r 
Input Capacitance 
Ihpul Impedance 
Noise Imm jnity 
OC Load In pm i.Seo Fig,2) 
PuiSC-Width (gD% pom 
Logic Levas 
Logic "O" 

Logic "I" 

,r Pul Capacitance 
3 iipuI Impedance 
Noise Immunity 

™ , L i. <rw - ,5a > 500ns 



TIMING DIAGRAMS 


DCK'Eas \/ 
■wm . X 


f l"r- 

L_ ...i. ADDKKS ttOAii 
I l-TAO tl«£ ' 

h — 


ffg.2 


:tx 






“ 




Cbsraterfeflc 

Wn 

Typ»* 

Won 

Units 

Condli.ons 

Snunt Enable 

Logic Levels 



*0.0 



LOGIC “0 





Ionic "V 

Va-l.fi 

— 


V 


Input Capacitance 




DF 

v.s '+SV lo -w 

inpul impedance 

Noise immunity 

1.0 


” 

\in 

+ 0.4 





Matrix Enable 

Resoonse I’inriii iSee Fig. 3} 








230 



| al 2£ n C Output voltage 



120 

•- 

ns 

| rosooneg vi/llhlf: Mti, 10 oF | oad 

Logic Levels 



0.15 



Logic '0" 


— 



Logic‘‘i” 






inpul Capacitance 

- 

7 

... 

OF 

V-< 5V iO V 

Input impocanco 

l0 , 

- 

— 


Njieo immunity 

Pilferentlol Mode Control 

P. osponse Turip jS«o ^ig 4 i 

tO 4 




} -It £5"C Outpl/t VGlLTllf: 

— 

200 


n* 

Tin, 

Logic Levels 


eon 


n.A 

! response with '.0MU, iOoF load 

Logic “O' 


— 

0,3 

V 


Logic "i‘ 

Vci - t.f> 



V 


mput Capacila-ice 

- 

5 


PF 


Input Impedance 

1.0 

— 


MR 


Noise Immun ty 


~ 




Scries Swl tones 

R Oh 

{Current Mode) 

- 

460 

760 

Ohms* 

I)- ~ 100 uA 

Genes Bus 1 SgtjOS 

Bus 2 - OV (V -i ”5V) 

T,, • 25*C 

V t . - 15V 

V«a 12V 

n on 

(Voltage Mode’ 

... 

300 

gOO 

Ohrrc 

V. -- T5V, R. son Kil 

1. 25-C 
v.. -r-5V 






Vt.ii 12V 



460 

/$o 

Onms 

Vi.-s - CV, H( 300 Kit 






r* - 25° c 






Vi - - ~fb\‘ 

V t ,. ■= ~I2V 

R oil 


6 


GO 

Vm V rt --10V 






T, £6-C 

Turn On Time 


300 


ns 

Output Voltage Waveform 

■with 10 M0 10 p c load 

T»* 25*C 


‘'Typical values are at 25 y c and nominal vuiiapcs 


TIMING DIAGRAMS 


Matrix “A f" 

tHACue o y 


*A 


m "1 / 


/ 




F'g.rt 


se-s 













Characteristic 

Min 

Typ"* 

Me* 

Units 

Conditions 

Sync Oulput (See FJg.S) 





(C«10pF 

Logic 'O'* 




V 

*'iNk- 1-SmA rnm ^oYd 
( W - 100 uA min. ) LMd 

Logic-1" 

■Ac-1.0 

-- 

- 

V 


Rise Time <tr) 

— 

no 

— 

ns 

j at25°c 

Fall Time (U) 

Response Time 

' 

40 

— 

ns 


tpd - 
tod -i 


200 

160 

- 

nr. 

r.:> 

] ataS'C 

input Leakage 

Channels 0-15 (Per Channel) 


1.0 

10 

oA 

Vtx a Vvi -5V 

St25 B C 

Series 3os 1. 2 


a.o 

30 

nA 

Vmv-Vi ,.-6V 

ill 25" C 

Shunt Bus- 

“ 

3.0 

30 

nA 

Vw^« Vn- -5V 

at as*c 

Shunt Switches 

Ror 


850 

1 300 

Ohms 

U - 100 pA 






Shunt Bug ■= OV 






Vif -- X 5V 






v«,-—12V 



■’SO 

900 

Ohms 

- 100 [iA 






Shunt Bub " *-5V 

Vet « -5V 






Veil, “ •■“12V 






T. - 25*C 

Poll 

“ 



GO 

V-■ Vcr -'10V 

Ta ! 25’C 

Turn On Time 

— 

300 

— 

ns 

Output Voltage Waveform 






with 10 Mil. 10 pF toad 






Tv -Z6*C 

Matching Resistors 


460 

750 

Ohms, 

I.- -100 ,oA 





V.,, v CR OV 

R on 

— 

3C0 

500 

Ohms 

Iss= 100 ,iA 






Vb.-s - TGV 

Charnel input Oapaciten-oe 

Channels 0-15 ( p er Channel) 


•1 

... 

Df 


Power Consumption 

- 

200 

- 

mW 

j Series MODE ) V w . • ~12V 



290 

— 

mW 

j Shunt MODE ( V«.-~f5V 

Currant Dram 


■o 




Inc 


ja 

- 

mA 

| SenasMODe 1 V f -~- l2V 

!c. 


17 

— 

mA 

Shunt MODE J & +5V 

IfH. 


17 

— 

mA 


p ower Dissipation (Device) 


— 

600 

mW 


Per Channel 

- 


100 

mW 



Typical values arc at 25°C and nominal voltages 





TIMING DIAGRAMS 




BB-7 


8B-6 











MEM 851P/D/F 



T YP)CAL characteristic curves 


MS. Vt,s 
V« Inara meter 


leakage vs. temperature 



iPr' 

//sf/ 


r*| W ; vs. TEMPERATURE 
Vosi V.! parameter 


CROSSTW-K (d3) vs, FREQUENCY 


HARMONIC DISTORTION vs. Vv. 
Rt parameter 


INPUT CAPACITANCE vs. V» 




i V 



Vim-i »• v “ 

|„ parameter 


RISE TIME vs. CRAIN CURRENT 
Ro, Vr.i> parameter 


FALUTIME vs. BRAIN CURRENT 
R 0t V -. parameter 




-- 

-^ n 


- f\ ilM 
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MEM S55P/D/F 


Six Channel MOSI-ST Analog Gate 

FEATURES APPLICATIONS 

* low input capacitance *> Analog Mwliplexiiw 

a 40 voii peak-peak signal input ffl.lge » Time division multiplexing 

* 10 10 ohms input raststeSM to gate ® Chapping 

* integrated zener clamp protects ihe gate •* Serial to paraHei & paralle 1 

e Nurnally oft w tb zero gate voltage to serial converter 

* Square Law linear imuster characteristics 

* Law crosstalk 

* Lew leakage prevented ic me summing junction 
« High Drain. Source and Gate Breakdown Voltages 

* Low harmonic distortion 


CIRCUIT DIAGRAM 



MAXIMUM RATINGS 

(T* i“ 25 I? C, unless ctharwise specrfieu — body ground'd! 

Drain to Source Voltage 
Gate to Source Voltage 
Gate to Crain Voltage 
Drain Current 

Gate Current (forward direction tor rener c ram pi 
Storage Temperature 

Operating Junction Temperature {85&P> . 

Operating Junction Temperature (856 D/F).. . 

Total dissipation at 25 e C Ambient Temperature 

7ota : dissipation el 26' 3 C Ambient Temperature fpr earn gate ciituit 


-SOY 
-20mA 
„ +0.1mA 
. —65 to 150°C 
... —65lo as-c 
. —65 Eti 325'C 

...aODmW 

.. SOmW 


ELECTRICAL CHARACTERISTICS 
(T a ...» 25 a G, unless otherwise specified — body grounded; 


SYMBOL CHARACTKRISTiC 


v Gate Source Cutoff 

icH<n Voltage 

Ids* Drain Leakage current 

, Source Leakage Current 

(Total for all Units) 

Ust Gate leakuje Current 

(cichi Brain Current 

BV«» Drain—Source Breakdown 

BVjdi Source—Dram Breakdown 

fcVi.v, Gate—Source Breakdown 
Y-. Transadm :t lance 

,s Gate To Source 

Capacitance 
* Gate To Drain 

' ,3 Capacitance 

,, Drain To Source 

Lil Capacitance 

Dram To Soured 
wt "’ 1 On Resistance 


— —6.0 Volts V«j «V M| l B = a -10 pH , Vis =CV 
—.05 —0.6 n.A V« --^-20V,V«.v0 
-0.2 —2.0 iiA Vsi>K5 —20V, Vbbi— 0 
-0.1 -45 nA V M «r •* 20V, Vbm - 0 
—3.0 — mA V e5 —■ V t .,™ 10V, V« - OV 

—65 *SD Volts I,)-. -10 aA.Voi.- 0V 
—60 —81) Volts k v -!0 ;iA, Vw. = OV 

—70 -BO Volts l 6 ^ -10 /.A, V D> . = OV 
700 — j-mhi! I kHz, V*i — — 20V, l D « - 5mA. 

0,2 0.5 pF 1'A V M = - 10V 

0.? 0.5 pF l MHz, V 6S — Voi -- — 10V 

<IM 0.10 pF 1 MHz, Vs*. st, Voi.= - 10V 

700 1006 j Ohms V« --- - 20 V. I n » - 1 PO ( aA, V„ * OV 














ivitiii osior/u/r 


Six Channel MOSFET Analog Gate 


FEATURES 

t* 25 vali pass-peak signal input rangr 

* iP p ohms input resistance tn gate 

u integrated zsnur damp protasis the gats 

* Worn ally off with zero gate voltage 

* Square Law linear trans'c: characteristics 
9 Low crosstalk 

* Low leakage presented lit Hie summing junction 

* Low "an” Resistance 

* Low -u'fnonic distortion 

CIRCUIT DIAGRAM 


applications 

* Analog Multiplexing 

* Tint division multiplexing 
« Chopping 

* Soria! to parallel t» parallel 
to serial converter 


rn 


__Li. 

—r-- 


... 



—ill *;T 

—(4 

i 

1 j 

} 

If 



i 


y 



i 

i 


I 


’ _ i _ 

-Li 

i 

jr 


j 







L 

'i... 

d 





.* — j 


1 



:I — 1 


- 

’ 

’*.T~ 


i 


i ii 
1 ~ 




MAXIMUM RATINCSS 

(7* .« 2S 0 C unless otherwise specified—cody grounded) 

Drain to Source Voltage .... .*-35V 

Gats to Source Voltage . ..—40V 

Gate to Cram Voltage . . —40V 

Drain Cvf'snt .. - 50 mA 

Gate Current (forward direslioi for miner clamp) . *0.1 mA 

Storage IsMoeratart . .--65 to 15Q°C 

Operating (unction Temperature (85bP) .. .. —65to 85°C 

Ooeralmt Junction 'uiiipMatuw (355 0/0 —65 to lZS^C 

Total diss'patlon at 25*C Ambient rsmperature . 900 rnW 

Total dissipation at 25 C C Ambient Temperature fo? each gate circuit ...15D mW 


ELECTRICAL CHARACTERISTICS 

(T* =* 25 B C, unless otherwise specified —bod* grounded) 


* 14 LEAD PLASTIC 

L _ I a 

• es.— 


SWrVWVF^ I T 

»--- -ft- -a. 1 


P 14 LEAD CERAMIC Dtp 


1 


« J t »n-“ u J 1-& L -» J 


SYMBOL 

CNAsscrffiistie 

MIN 

TYP 

MAX 

LIMITS 

CONDITIONS 


Vijiiw 

Cato Source Cutoff 

Voltage 

-l.s 

- 

-5.0 

Voles 

Vu«efa, In*!. -10 nk. 


loss 

Drain leakage CurreRt 
Source Leakage Current 
(Total for all Units) 

~~ 

-.10 

—3.0 

hA 

vSU-aov v«,*o 

\'tu a? -20V, Vcd. 0 






« 


Ion 

Cite Leakage Current 

— 

-0.1 

-1.0 

nft 

Vr.i«r -20V, V w w0 


Idiom) 

Drain Current 

-3.0 

—6.0 

— 

mA 

V«*a Vm«- -10V. Vu'OV 

P/h 

8V e « 

Crain—Source Breakdown 

—35 

— 

— 

Volta 

1,0. ~HS >A V«. ' t>V 

sv. t5 

Source—Drain Ereakrtcwn 

—35 


— 

Volts 

U« -10 j*. Vosi - QV 


BViaj, 

G&te—Seurce Breakdown 

-40 

— 

-SO 

Volt? 

lr. - .-10pft,¥ai“« 

1 

% 

tesadmittanco 

— 

2500 

— 

(Uiiiho 

1 kH/, Vos aV(»a — 10V 

2 

c. 

fistt To Source 

Capacitance 

_ 

3.0 

6.0 

pf 

I MHl. V 6f j> V es a -10V 

3 

Cm 

Gib; To Drain 

Capacitance 


1.9 

W 

* 

1 MHz, V« v« -V — 10 V 

4 

Ci, 

Oidin To Source 

Capacitance 

- 

0.04 

0.1L 

pT 

ZMHz.V*^ V M r.= -10V 

6 

Tw'»i 

Drain To Source 

On Resistance 


>50 

350 

Ohm 

_ 

Vu* « -20V. » e ~ - 100 tik 

V„“0V 

? 


14 lead flat pack 


L j si* 


aji Of.-nomiom hi inc.vei 


iijltiS 9 
Gits *1 
Gale 5 
Goto 6 
Source 


8 Substrate 

9 Own 6 

10 Drain 5 

11 Crain 4 

12 Drain 3 

13 ijrtln 2 

14 Drain 1 




















MEM B57P/D/F 




Eight Channel MOSFET Analog Gate 


FEATURES 

* Volt Peak-Poflh Signal input Range 
b Low Thrasholc 
h 10'" Ohms input Resistance 
h Integrateo Zener Clamp Protection 
■ Normally Off with Zero Gate Voltage 
a Square law Linear Transfer Characteristics 
« Low Crosstalk 

a Low Leakage Presented to the Summing Junction 
» Low "ON 1 ' Resistance 
b Low Harmonic Distortion 

9 Loss Than a 20 Ohm Change of “ON" Resistance 
from Channe* to Chasine' 

DESCRIPTION 

This multiple switch contains 8 nitride passivated insu¬ 
lated gate field effect transistors. The sources are 
connected m such a way as to afford maximum flexi¬ 
bility for switch mg applications. 


APPLICATIONS 

Analog Multiplexing 
Time Division Multiplexing 
Chopper 

Serial to Parallel & Parallel 
to Serifi * Convertei 
^-channel Differential Switch 


By properly biasing tno novices, they can be used pither 
as multiple switches, rotary switches, "AND" gates or 
“NOR" gates. 

The nitride passivation process enables this device to 
have a low threshold voltage capability 



SB-’J 


R 


MAXIMUM RATINGS 

(T* — 25°C unless otherwise specified — body grounded) 

Drain to Source Voltage -30V 

Gate to Source Voltage -30V 

Gate to Dram Voltage -30V 

Drain Current 50mA 

Gate Current (forward direction for zener clamp) +0.1mA 

Storage Temperature -S5°C to 150°C 

Operating Junction Temperature (S57P) -65°C to 85*0 

Operating Junction Temperature (887 D/F) -65X10 125*0 

Total Dissipation at 25X Ambient Temperature 1.75VV 

Total Dissipation at 25°C Ambient Temperature for each gate circuit 175mW 


ELECTRICAL CHARACTERISTICS 

(u =-■ 25°C unless otherv/ise specified — body grounded) 


SYMBOL 

CHARACTERISTIC 

MIN 

|TYP j MAX 

UNITS 

CONDITIONS 

ViJJIIM 

Gate-Source 

Cutoff Voltage 

1.5 

_ 

4.5 

Volts 

V M 

- Ve S , 1, ~ --10..A, V B ~l 

W 

Drain Leakage Current 

- 

- 

5 

nA 

Vqj 

- “20V,V oti *O 

, SI 4 
131)1 S5-8 

Source Leakage Current 

- 

- 

20 

20 

nA 

Via 

- 20 V. v,t, = 0 

l|JS5 

Gate Leakage Current 

... 

- 

1 

nA 

V« 

« -20V, V 01B - 0 


Dram Current 

1!) 

- 

- 

mA 

Vot 

- V C , E - -10V Vs 0 

SVoss 

Dram-Source 

Breakdown Voltage 

30 

_ 


Volts 

I Ids 1 

- — 10/4, Vast 0 

BVspj 

Source-Drain 

Breakdown Voltage 

30 

„ 

__ 

Volts 

| 1*5 " 

- —10uA, V BC( - 0 

BVujt 

Gate-Source 

Breakdown Voltage 

30 

_ 

— 

Volts 

Iqs ‘ 

*■ ~10?A. V c55 --- O 

Y„ 

Transadmittance 

1500 

- 

- 

//mhos 

Vo. 

.» -1QV, l 0 ----- -5mA. f --- 

C„ 

Gate-Source 

Capacitance 


1.5 

2.5 

pf 

V 01 

--- Vp S - -10V, 1 - 1MHz 

C* 

Gate-Drain 

Capacitance 


1.0 

2.0 

PF 

Vc 

« V w = -10V, f- 1MHz 

c* 

Dram-Source 

Capacitance 


0.04 

0.10 

pK 

V., 

- V*- —X0V, t -- LMHz 


Dram-Source 

On Resistance 

-- 

- 

150 

Ohms 

Vc 

- -20V. | 0 - -100/4. V B 











IP 24 LEAD PLASTIC 


: i2£UXQ—uxn..tuxc.o 


i«ffisn5tf'' |* cr ' CT w-cronbxrtx trcnarf- 1 


JU1U 

IP" 24 LEAD 


FLAT PACK 






tsd ; feVf 


[I 24 LEAD CERAMIC DIP 

(Si5i4i5tSiSi5^r^ ?- V?St5 —.•-< 

I f I ! 

& @ ...._a-J 

r i ; 

jm L._! j 


TYPICAL CHARACTERISTIC curves 


r.jn -1 Vfc Vo: 
Vi. parameter 




terminals 


FUNCTION 
Substrate 
Oram ? 
Dram 1 
Drain 3 
DfC-lR 4 
Draw S 
Drain 6 
Drain 7 
Dram 8 
Dram 10 
Drain 9 
Source 7-10 


FUNCTION 
Gate IQ 
Gate 9 
Gate 3 
Gate 7 
Gate 6 
Source 5 l> 
Gate 5 
Gate 4 
Gate 3 
Gate ? 

Gate 1 
Source .1*4 


«-’6 


LEAKAGE VS. TEMPERATURE 



rt»n»»iiiM ■« 











FEATURES 

o 26 Volt Peak-Peak Signal Input Range 
® Lew Threshold 

* 10 ,c Ohms Input Resistance 

H Integrated Zener C/pmp Protection 
8 Normally Off with Zero Gate Voltage 
B square Law Linear Transfer Characteristics 
® Low Crosstalk 

“ Low Luakase Presented to the Slimming .function 
B Low "ON" Resistance 

* Low Harmonic Distortion 

b Less Than a 20 Ohm Cnange of ■ , 0N” Resistance 
from Channel to Ghsnnef 

DESCRIPTION 

This multiple switch contains 10 nitride passivated insu* 
fated gate field effect- transistors. The sources oro 
connected in such a way as to afford maximum flexi- 
bilfty for switching applications. 


APPLICATIONS 
Analog Multiplexing 
Time Division Multiplexing; 

Chopper 

4-channel Differential Switch 

Serial to Parallel A Parallel to Serial Converter 


By properly biasing the devices, they can r>& used either 
os multiple switches, rotary switches, "AND" gates t,r 

‘•NOR” gates. 

The nitride passivation process enables this device i® 
havs a low thrashold voltage capability. 



SB-ta 


1.1 KShHUHl W-Ot;' i muua 


MAXIMUM RATINGS 

t T A 25 °c unless otnerwise specified - body grounded) 

Drain to Source Voltage 
Gate to Source Voltage 
Gate to Dram Voltage 
Drain Current 

Gate Current (forward direction for Zener clamp) 

Storage Temperature 

Operating Junction Temperature (853P) 

Operating Junction rempereture (853 D/F) 

Total Dissipation at 25°C Ambient Temperature 

Total Dissipation at 2S°C Ambtont Temperature for each gate circuit 


-30V 
-30V 
-30V 
50 mA 
-0.1mA 

-•65*0 to 150°C 
“'b5°C to 8S e C 
-■65'C to 125*0 
1.75W 
i?6mW 


ELECTRICAL CHARACTERISTICS 

^T a « 25°C. unless otherwise specified — body grounded) 


SYMBOL 

CHARACTERISTIC 

MIN 1 

TYP 

MAX 

UNITsf 

CONDITIONS 

VojHM 

Gate-Source 

Cutoff Voltage 

1.5 


4.5 

Volts 

Vds- 

Vos. In - -10,.A.V,s~OV 

w 

Dram Leakage Current 

... 

- 

5 

nA 

Vm 

~20V. Vs» • c 

SI 4 
US5-6 

S7 10 

Iro 

Source Leakage Current 

Gate Leakage Current 

- 

- 

20 

10 

20 

1.0 

nA 

nA 

Vsd* 

V«- 

-20V. V* ot ' 0 

-20V, V 0Ss « 0 


Dram Current 

10 

- 

- 

mA 

V M - 

V c .s - -AOV, V !S « 0 

3V ki 

Drain-Source 

Breakdown Voltage 

30 

- 

- 

Volts 

!o.i 

-10/iA. Vesu -• 0 

BW»» 

Source-Drain 

Breakdown Voltage 

30 

- 

- 

Volts 

v 40 - 

-- 1Q«A, Vfeuj 0 

SV ws 

Gate-Source 

30 


- 

Volts 

Il35 “ 

— 10/iA. Vosi "" 0 

V, 

fransadmittance 

1500 

- 

- 

/ilTrtlOS 

Vflt 

-10V. 1,-- -5mA, f 1KH 

C, k 

Gate-Source 

Capacitance 

- 

1.5 

2.5 

Pf 

Vs, 

. Vk - - 1,0V. < -■ IMH? 

c. rt 

Gate Dram 

Capacitance 

- 

1.0 

2.0 

pf r 

'Am 

- Vos = -10V, »= 1MH? 


Draw-Source 

Capacitance 

- 

0.04 

0.10 

pv 

V«; 

= Y« = -10V, f - IMhl 

r «M 

Drain-Source 

On Resistance 

- 

L 

150 

-- 

On ms 

v &> 

- -20V, lo- -lOOpA.V.s 









P 24 LEAD PLASTIC 


SF 24 LEAD FLAT PACK 




TYPICAL CHARACTERISTIC CURVES 




TERMINALS 


P/M 

FUNCTION 

P/N 

FUNCTION 

1 

Substrate 

13 

Gate 8 

2 

Drain 2 

14 

Gate 7 

3 

Drain 1 

13 

Gate 6 

4 

Crain 3 

16 

■Sate b 

5 

N.C. 

17 

N.C. 

6 

Drain 4 

18 

N.C. 

7 

Drain 6 

19 

N.C. 

8 

N.C. 

20 

Gate 4 

9 

Drain 6 

21 

■Sate 3 

10 

Drain S 

22 

Gate 2 

11 

Drain 7 

23 

Gate i 

12 

Source 5-8 

24 

Source 1-4 
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INDUSTRIAL 


4 DIGIT 


COUNTER 


4 DIGIT 
COUNTER' 
DISPLAY' 
DRIVER 


Counts (up or down}, stores 
decodes; four decades to 7- 
sngnient outputs 


Ar5»1C07A 


DVM logic iricorporaur.cj dual 
ramp integral 1 ,on 


DVM 'ogic Incorporate 


ramp integration 


DIGIT DVM 


,3dt)ari$ss D'A converle 


A simple, single bit processor 


which can directly evaluate 
set of Booiea " 


equations 
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AY-5-4057 




Digit Counter 

FEATURES 

„ fully static operation, 
u Maximum clock input 500kHz 
„ Reset Input. 

0 Multiplexed outputs. 

9 Final Carry output end two intermediate carry outputs. 

« TTL7DTL compatible inputs end outputs 

description 

The AY-5-4057 Is a fully static four digit counter capable of 
accepting'a count frequency of up to 500kHz The four counters 
3( e connected In series, each having o 4-blt store associated with 
it The counters change on the negative going clock transition, 
and the counter outputs are transferred to the 4-blt stores vvhen 
•no load control is taken to Logic ‘C. 

The count held In the four stores is strobed out in sequence by a 
signal derived from the ’Strobe Input 1 The multiplexed BCD 
outputs are output in sequence and are capable of driving n 
decoder/driver The ’Strobe Input* operates on a positive transi¬ 
tion (0 to i). and the multiplex outputs, P and O are ip a 2-bit 
binary sequence 

In addition to the count outputs, the device nas a ‘Final Carry 
Output’ (CO 4) and two intermediate cany outputs, C02 and 
COS, from the second and third decades respectively. 

A reset lino is provided to reset atf four decades to trie zero state. 



BLOCK DIAGRAM 


FINAL CARRY 
1NT CARRY 3 
l NT CARRY ? 


VbC 

V,0, 

YgO 
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'Intermediate 
carry (CO2} 
'INTERMEDIATE 

CARRY {CO.7} 

‘Final carry 
*AI« carry outputs go b 


- -"» ~ .o * 

>nm mum « 809 „ soe aftw Mllnt , 1 b «h» PJt3010 '°9 ,c '« ‘ 

ZZ?r nm> W 3, “ y • !0a,c V 

r ; 511 r om ^ * 

a, ' er •"« "»l 9oaa ,c logte '0- b .L”«,“S **M«W 

causing IhecounI to & otdpuTMhl SSSS^SS**"* 

“ *"° M o"' P “” ,gu,p " , ° Pa " l,a ' 'Entity wr„cn decade „ cutout 

^ 0 Strobes decadt' 

® 1 Strobes decade ;> 

^ 1 Strobes decade 3 

0 0 Strobes decade 4 

rh ' 5 0U!DlJ, ' s * »* «»« decade of ms counter 

Th,S ° U,PUt ls <**»» W "1“ Wild decade ortho counter 

_ I" 1 * ‘’‘"P" 1 i6 g ° nwalei) ■» ■"» febrth dac abe of the counter 

logit 1' or coun! 8 or,a return to logic g- on oountm ~--- 


CDUWTEft-DISPLAY INTERFACE 



JjLSCTmiCAL characteristics 

Maximum Rating*' 

‘Exceeding lhase rating!, coula cause 

Max. voltage between V cc and any pin. , -20V to 0.2V permanent cittmayy, functional oporaiicn of 

Operating Temperature Rnngt’ . 0°C to 4-70*0 tills device at these conditions is not 

Storage Temperature Range •'85°C to+ISO'C implied—operating ranges are specified 

. below. 

SiBlldard Conditions (unless othoiwtse idled) 

Vrtj-s - 12 V.tlV Operating Temperature <T A ) = 0“C to «-vo a 0 

Vcc - ‘'$.0±0.5V Output l oading +■ 1TTL Lead 

V(,- “ OV CL TOTAL ■= 10 pF 















AV-O-40U7 

AY-S-4007A 

AY-S-4Q07D 


Four Digit Counter / Display Drivers 


* Minimum interface required w drive most common types of 
LED, fluorescent seven sepmrnt displays 

k Largo output current capability on seven segment outputs 
typically 25mA with tv drop. 

* FlJ "y synchronous up/down counting operation, 

a L ook ahead carry for error free outputs when roversing 
count direction 

* Eternal oscillator needing no external components for 
operating the digit select counter 

a Pour digit select outputs with 'hversion control .V display 
drivino flexibility. 

a Multiplexed BCD outputs and serial output trom storaoe 
register is available. 

* t TL/dtl compatible on inputs and outputs 
51 Blanking action of Reset Input 

a Counting rate up to 600 KH2 

DESCRIPTION 

The Four Digit Counter Display Driver is an LSI subsystem 
designed for application In counting display systems such ,is 
frequency counters, digital voltmeters, digital timers, event 
counters using 7 segment numeric displays it contains a 4 
decade up/down synchronous BCD counter, a storage register 
multiplexing circuits, internal oscillator for digit sHuciion and 7 
segment decoder tc count and display up to 9999. 

Sum-in control wants provide flexibility o!«, W it h » m i, imurr . 
o’ external components 

the device is constructed on a single monolithic chip using 


BLOCK DIAGRAM 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 
AY-5-4C07A 


Co'.nt Input C 
Donn/Up CcmMorirl C 
Twn»l«r Input Z 


BSdgmmt d 1; 
CSegiswi ij « 

OSsamoni a 1* 

GSesnwud ’S 
tscnmniti d 16 


*0 P rriiu'CwnrltrfiBn; Ccnl'o,' 

39 3 flow! Inpiit 

3fl 0 -Ht> Ontario Cmry Outpuc 


35 2 3rfl OftcSiSe tuty Ouiput 
34 '- 1 ®*JCUsMo Curry Ootput 
33 p s»ri*i Output 
J2 3 40 C ril£«rt Eelltl.l Og!(JU| 

31 3 OipuSoidctCloeK 1 111)1,1 
■M 3 ID’ V .lelw! 0 u'ni.it 

20 2 *0 , Dlt!i!*ai»clO«;sui 
its p ID'iJ^irSftlscf Oulpui 
2? J 2 a BCD Oiilpui 
16 □ J-'l-CD putpui 

«s d sfifi rjiixst mpv! 

W 3 2'BCD Output 
23 3 2° BOO Output 


MTNS P-channe! enhancement mode transistors 

AY-S-4007A. Available m 40 Lead Dual In Line DBckaga, allows 
P** available functions, 

n^fZ't AlX>7 ana AY ‘ 5 " Jlj ' 07D ^corporate the most commonly 
used features in 24 Lead Dual )i> Line packages. 


uio. .linn » v a u t r a trie 

!“ ■*--> 

' : [ CD.SI&L j j K4W!» fimvtn J---I'-f ?o“*W 

TTTT “ T T-- 1 — I | »tt auVOTl 


ep ill 


i fpErrJ~“E~fr; 

Cl ' VLT "1-M I »W»6 1 4CMn» j U 

—-- 

-f—(-.—{ s KTWTWITi 

"" 1 IT —.1—1 —■ 


pjN CONFIGURATIONS 

14 LEAD DUAL IN LINE 
^y-,5-4007 



if. b 4ih CrcciwJ* Carry Ouipui 
£• □ itf’Ol'ji! SclfJi OnipLl 
?U a WClgllSfllcciOulnv' 

ro n it* oii< r.e DciOjipi’ 

•*b U^OliillSi’itt Outp;!' 

•r h 2 r, Bc;co , Jip‘ , t 
if. p 2*C'CI> Oulpi,' 

15 p 2’COD O'llrf 
|4 p J&0CO Ot.iprt 


;*4 LEAD DUAL IN LINE 
AY-5-400TO 


V<x '•EV', d*- 
Count (npi)l C V 
OOwnfUp Cjl>xr.i,i;d C "> 
T r»(!slC'inpo* L A 
V f . (-12V) q 5 
5. : D o 

0 Sefliwot £ 1 
O frcl>ncnl C 0 


2< 3 hotel InyuT 
7o 3 41!i OecadtC*'ryOutoul 
22 :i SrdOecaairCuKyOwpot 
2 3 Inddsladn Curry Ouicj! 
2>> 3 Ootia! 

j,, ,i •o°oisu Solver OuiPLi 
Hi J li'fJifllt Sslftiil Oirtpul 
i’ 3 OijK Se'ont Ojlpa 1 
:6 3 V^fHaitSt’MnlOillDiii 

*5 p 'turn ciooli InsJt 


NO‘IF Fo’ T'u5;Commonwru conifin 

it. internal tv connected to Icgic wet 


PIN FUNCTIONS 


j down/up command 

j 2ND DECADE CARRY OUTPUT j 
3RD DECADE CAftRY OUTPUT 
JTH DECADE CARRY OUTPUT J 

TRANSFEP input 
SHIFT CLOCK INPUT 


SERIAL OUTPUT 


10 fl DIGIT SELECT OUTPUT (LSD) 
10 1 DIGIT SELECT OUTPUT I 

10 ! DIGIT SELECT OUTPUT 
K) 3 DIGIT SELECT OUTPUT (MSD)j 
2° 8CD OUTPUT(LSB) ] 

2 1 BCD OUTPUT { 

3 i ODD OUTPUT { 

2 3 BCD OUTPUT(MSfl) j 
“A" TO ‘S’ SEGMENT 

COMMON SOURCE 


TfiUEfCOMPLEMENT CONTROL 


DIGIT SELECT CLOCK INPUT 


Conn* input operates tha oecsaae counters synchronously on tno pa»uw going 
(IcgtC 0‘ to 'T HBfiallionet 

mm *» ropat POPS 10 a loq.c m n raMtt Vm 4*ew» couikm* ’« c ®°- <»™“ 

“T. couma' » rt, t - MSD portion and ,ho K S « MM MM » *« «*» “S« 
Ibv-;s 10 Mam 'be (MOOT >1 w «M» mmm o' '0 f*m 
Tb. count M. MUM. upon roc ««c »M on 'be DOWN/U" ComMtd«M 
Logic'O’- Count up, Logic T Count DOWN 

Normally we Carry Qutpuis are ni a login C- -evei wnc-r activates a positive pulse is | 
generated on We output line. wHdh >s identical wth the Count Incut causing the ca. ry 
Placing me Trans,m incut at a loflic V allows Iranstoi of cats lnm>« Il « ca ' 1 “ mumn 
u) *ne storage regiatsr 

Tins incut is iissri ,p spdlyctccK pulses In the stoiago tegisteMni ssnalsniltoperanon 
wnnaSy SWh Clop* is -namitimed al a Logic 1-ant) negative pulsao are necesMiy u, 
cerlotm shit' operation Actuoi SWUM o' storage register data Is (lone on the second 

Shill Okies Input so mat this line. H nos used m» bo mil Hoatlr 9 #«• ***'1* 
MW « qoasi-sletio ,n serial Bn,ft operation me width of negatire MM WW0) 
has to ne i MM to SObM. Derma serial shut operation the 1 m*m MM must be at a 
'ogic o 

Thu, ,s the serial output n the storage regisla- Whet, aerial snilt operation is noi 
oeitormeo the Serial Output is the least significant bit ol me least sunHnant digit ol the 
storage rogistei 

rtosn outputs provide sequentially an active logic level ..logic: T 'I S» 
rrue/Cornplemenl Control is at» taste' Ioqm V» MTVMewaltMrtCMmMiM 
logic '0') to specify which ot the corresponding digits 13 aotectau ano displayed, IU 
remaining 3 Outputs beats 'M t*«M M DW* ^ct Outputs ore faced to. m« 
jct've 1 logic '‘evei as icwg as the Reset input is achve 
rnose outputs provide the 13 maw Codod Decimal r fPr^taUon of 
$p : 0ct6d and disp layed ey the multiplexor The t 'uth table shows BCD Codificanon ol 
these outputs 

These outputs aru pnogremnted according to the truth table Each output terminal ia 
actually connected to the Crain o' the couaspondhq cutout transistor, 
this IS me common d the seven segment output uattMtors 
.u-aiwbie the oorresporiding letminat is internally tied *u ■>’ K, ' m ' 
connected to any vcillaqo between Vss and Voc according to raqiiirama.ite 

This 'nput conlrcir the polarity ct the Digit Swact ^'° u “ “"yJJS! sotejtoi u'puk," 
TRUE/COtJIPbCMENT Conrrcl is at a logic 1. active l avulfortho Digit uOlectOu.Puls 
a logic 1 '. wher at a 'ogle *0’ active <eval is a kM#ic 0 
| An external signm .MM to -armlnal oscillator Whs,, the 

internal oscillato- w used, this mm must bn left VM ___ _ 
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ELECTRICAL CHARACTERISTICS 
Maximum Rati figs* 

Voltage on any pin ivttn respect lo Vcc. -20 to +0.3V 

Storage temperstura range -65°Cto MS0°C 

Ambient operating temperature range 0°C to -70 f C 

Standard Conditions (unless otherwise noted) 

Vre =■ +5.0i0.5V V<;o ~ -12V "ClV OR -7,0V ?:0.5V 

V<u - 0V Operating Temperature (T*j O'’ C Ic • 70°C 


'Exceeding these ratings could cause 
permanent damage. Functional operation of 
ihse devices at these conditions Is not 
■implied—operating ranges are? specified 
below. 


Voo - -12V xlV 


Inputs 

Logic'O’ Voi, 

Logic'1' Vcc-1.; 

Capacitance 
L«akago 

Repetition Rato O.C 

Pulse Width 0.7 

Tr&Tf 

True/Complement/ 

Control Input 

Input Current 10 

10 

Digit Sol act Cjock 
I nput Current 10 

50 

Internal Freq. 1.0 

Externa! Freo—Data omy D.C. 

Display D.C 

Shift Clock 

Frequency D.C 

Pulse Width 0.4 

Input Current 20 

Outputs—'7 Segment 
(See Note 2) 

Leakage Current 

Device on Current 15 


Do vice on Current 

Power Dissipation 
(per segment at 25°C) 
Other Outputs 
Logic O' 

Logic ‘V 

Propagation Delay 
Tr.jn 

Rise. Fall Times 
Power. 

loo 


h 0.8 Vco 
cr+0.3 Vcc-1 ^ 
10,0 


*0-8 | Volts 
Vcc-0,3 1 Volts 
10.0 I i)F 


- 0.2 

Vcr “I.OiVcr —0.65j 


* 03 

j Vcc-1-Ck,. -0.65) 


Vik~V« f~ 1 MHz 
Vin—Vcr IC'V at25 B C 

Square Wave 
Rulse either htgnariow 


Vss “ Vcc 

Vjn — Vo. See Fig, 5 

| V-.* --= Vcc (Sink) 

V:> - Vci (Source) See Fig. 3 


Display Duty Cycle 25 % 


See functional description 

Vm»V«{SeeFig.6). 


Vwt—Vji. ——10V at 25 e C 
'As—Vo.., « +1.0V at 25" C. 
Vcs ~ V« 

Vi-'—Vnur = ~1,0V at 25° C. 
Vcs “Vcn 

See Note 1 & Fig.1. 

Ln - 1.6mA Witn IOdF load 

Idi. - SOpA 

Carry Output i <. Pi „ 
Serial Output | w - v »* *■ 


"Typical values are at -*-25°C and nominal voltages. 


NOTES 

1. Ocrate Power Linearly to IQOrnW at ?0“C 

2. See also Typical 7-Sogment Output Curves, Figs.9. It, A 13 (-*12Vi 
See also Typical 7-Segrnont Output Curves, Fjgs.lD. 12 & 14 (-7V ± 


TIMING DIAGRAMS 

965? 004(1 9909 0000 OOOI 00 CO 9999 

w/W\AAA/\/ 

DOWN/u 9 / \ / " 

COMMAND / \_ f 

jw J\j\n _n . 


_r~i_r 

_n.__ 

"i_ri_ 

—I——r*—r^“ 


I_-_! L— 

ri_ r~ l 

—to—..j~ 


CARRY OPERATION 


DIGIT SELECT OPERATION 
(True/Oomplement Control la at logic T level) 


OPERATION 


gersd .'iru h .. na(? ,j between count pulses at either Count 

V,°" ft dtvtoo counters to 0000 

input It- a.i _ irci and 4th dec an e, ttie3>3 

Carry output a[® PJ'o v '' ’ ov ' 0f ff 0 v^ (in counting up) o> an 

J,SnC“™ 7^^ ,,w ' buw,i! 

wlieo reversing lh» court! direction 

sto'age fteglsleir lran5 f errei i to me storage register 

Input «gM tD. Transfer Input 
" y beJconnocteo to a logic 1' <W a CWNMWWO ««*• and 

Kr n, ay also 00 operated an a p.rnlW-,n serlal- 

"JSRSnSS 'in tnn«» «om MU* *«s » » P'ovtdMK 

c.pciock Input the serial content ot storago register is a«r.«.v 
ShlftOlocA rnp , recirculated bac* to the -c,i 

or ^ n l ®, b f tm(?o ?6 dock pula* is needed to extract tht-lull 

input is ip be- kept at a logic u 

9a B d5S— - maim. mmi. 


rep,.Ires no external components n» Internal «jnj» 

overridden by oiJOly.iig an external signal lo the n.gU Select 
Clock Incut. 

The 0‘dll select counter controls the multiplexer to route^rtfor- 
matiorffrom etorsgc register to me 7 segment decoder dr„ors 
arid lo the BCD Outputs. 

rim counter scanstrom M8D (W <WW 10 U» M'VuW.Ekww 
,ns, tour nipit Select Oulpula is st r|i;enlio'ly activated when the 
corresponding digit is selected arid displayed 
The Digit Select counter is tweed to MSO position jnd Oig 1 . 
M Ouleuts arc lowed to 'not active' logic we * x, eng as 
ResetWe! IS ective. This Mtura Mu** the display wlirn he 

mice 's Being reset. Tee True/Complement Oonlrol inverts the 
tMgd Select Outputs ectiw logic l«l lor nexIb'H'.y M «««t 
interlace circuitry 

Intnmal delay loqw ensures that both 7 segment outputs ana 
BCDoulpuls are vallc before act! v abort o. the corresponrflnD 
Digit Select Output ic avoid “ghoat images 

W-i 0 *- ««•■« o' wy'« ***>*£ 

output transistors (typically -10 ohms) *o mimm-ze external inter¬ 
lace components when driving 7 segment displays such a* l..X>s. 
(luctroscenla. mcondescents. etc. 

Thi» 7 seoment Outputs are the drains of tho corresponding 
output translators, tneae outputs are orogrammed accordinc To 
tho' truth table below A Common Source terminal is Jso 
available to increase fieotulity of use. 



































Hi AY-5-3S07 


AY-5-3610 


3% Digit DVIW 


* Overrange Indication 
AY-S-3S07 

« Oiract LED Moment DrM ? 

t|)t0 S par second 

AY*3-3$10 

» BCD Outputs 

KSCniPTIQN 

M. MUK. 

:i^*ass’ 2 fr s "S: 


"^’W'QURATiON 
18 l.fcADC.UAUN UNE 
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B S«j)r>Mt rf « 

i.L_ 


: %rz MALi " um 


%'GND I Q fl - 
OulftitC H ? 
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Chopperu-ulput r| ,) 
v cp {*«}« n * 

CiOGk inn j; Q •• 


14 jb Ctee* 

13 H v 0 fc 1 -tiiVJ 

,? P oa#3KHM« 

11 P cs Pgmn! 

*°p v w(GNPi 


'B p Output ? 

!S b Ovt/vt,* 

14 p PoaitwtRef S—•- 

,? P Co ''Sf3,-Jfflf /flp< 

*’ P ^a^as^tetj 
’’>p VX-I 
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tftti FUNCTIONS 

— 

Nam* 

Functions 

' * i 

COMPARATOR INPUT ‘ 

A logic'0' mjv«( corieapondsto a neqativa input signal 

A logic T levs) corresponds to a positive inpin signal. 

CLOCK INPUT 

This signal should be supplied from on os'ernai oscillator giving a square wave 
signal 

REFERENCE SWITCH 

These outputs drive ana lag switches Which connect the Refevenno Voltagos to the 

OUTPUTS 

inii-grafcr. A login V at the Ccmpurator Input will be followed by a toglr; ‘v 61 Hie. 

Positive Ref>?rerice Switch Output A logic T at (he Comparato■■ Input wilt be 
followed by a logic T at the Negative Ref wonts Switch Output 

SIGNAL SWITCH 

This output will bt. at logic ‘1* during the tiir.B that the signal is connected to the 

OUTPUT 

integrator. 

display multiplex 

Each output will bo a; logic T for 2 clock periods to display face Piq i), The outputs 

OUTPUTS 

selected will be as loUovw- 

IUX1 O/T,Over-range MX3 Decade 2 (10 ! ) 

MMi D&cado 3 (10 J ) MX-i Oocads 1 (lh“) 

AY-5-350? 

SEGMENT OUTPUTS 

Theoutpuss bf tho3 docade-coup tors aro presented sequeut>i»ly on Iho outputs A, B 

G, 0, E, P, Q In the first mufliplax position 1 is. indicated by sagmofite B andC.—is 

Intfcaled by segment G, ovc-rrar.gt; by the dashing of aepmonts A and D. f ), A onti 
vnoarranga are not Ind/cawd 

AY-S-3310 

CHOPPER OUTPUT 

This ouiptri rs a square wove at VYjO the clock input frequency. It can be used eithei 
to phase lock the dock oscillator to the mains or to provide a 5% r .'iJD undo^-rangc 

AY-5-35 tO 

signal 

DISPLAY OUTPUTS 

Theoulpui'i of ths3 dec-ads counter® are presented on theoutpurs A, 0 C, O in BCD 
complainant code. A”2 y , B«2‘. D--2'. D---2’ At MXi timo, the most s>lgn»f!oaiu digit is 
output on A with its oomo!emc<ntori D. sign is output on (3 and over-range on C 



OPERATION 

The operation o 4 the circuit is as follows 
Initially Inp signal, and reference outputsarc in tire logic '0' state 
The counter counts continuously era at the 1S99 to 0000 transi¬ 
tion a - 2 is toggled driving the signal switch output to logic ‘i 
furring on (he signal switch The integrator generates e ramo, the 
amplitude and polarity of which depend or? the amplitude and 
polarity ol the input signal, After a further 2000 dock pvises the 
-2 Is toggled again This stores the state of the comparator 
output in a o f ypts flip flop (this signal represents the sign of the 
tnput signal}. The appropriate reference; switch is then energizes 
lo cause the integrator output to ramp back 1c 2t»ro, When the 
comparator output subsequently changes state the reference is 


switched off arts the number »> the; counts ' 1 '? transferred fa the 
store together with polarity Information. 

Should the input signal bo so large that r.oro is not reached owing 
one counter cycle, an ovcrcngefHp hop will besot and v»(ti remain 
set until th>i next 1999 lo 0000 transllJon ct the countei. During 
overrango (he main display wil bo set to 0000 and the overrange 
indicate” will flash. 



To minimize pm requiremfints, a time shared ouipvit is usee. Ttw 
display store output (including v., 0/1 and overrange) is gated 
sequentially, s decade at o lime, onto a common '• hne 
(AY-S-350/J O' 4 line (AY-5-3610) output bus. 
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ELECTRICAL CHARACTER5STSCS 
Maximum Ratlnga’ 

Maximum voltage between any pin and V R8 pm " 0.3 to -20 V 

Operating temperature range O^C to *-70° C 

Storage temperature range. •65”C to +150"C 

Maximum oowe r dissipation. .SCOmW(total), S&mW (per output) 
Standard Conditions (unless otherwise noted) 


'Exoaoding mesa ratings could cause 
permanent damage, functional operator* of 
thsse devices at these conditions Is not 
impiied—operatlng ranges are specified 
below. 


Vc*. 

Vs* 

\l au 

operating Temperature (T A j •• 


12 to -18V 
0°C to +70° C 


<3ND 

—I a to "24V 
0°Cto+70 8 C 


Characteristic 

m 

T»p" 

Max 

Units 

Condition) 

AY-5*<3S07 






DC CHARACTERilSTlCS 

Clock & Comparator Inputs 

Logic ‘0‘ Level 

-S 


-19 

Volts 


Logic ’i' Level 

‘0.3 


-1 

Volts 


Incut Leakage 

Display Multiplex Outputs (Note ij 

— 

™* 

10 

PA 

V, K •= -1QV. T A « -25°C 

Logic't' sink current 

■t.2 

2 

3.2 

ffiA 

V 0 . JT =■ ~2V. 7 a - -25*0 
Vgc ' -’*V 

Logic ’0’ leakage current 

— ■ 


10 

f»A 

V 0L M - -1BV. r A «+25° c 

Switch Outputs (Note i) 

Logic 'i' sink current 

0.5 

0.(3 

1.25 

mA 

V 0U r ^ "2V, t a .. t 2S « Q. 
V 63 = -i2V 

Logic 'O’ leakage current 

Segment Outputs (Note ') 



10 

pA 

Vout J "18V, T a = *25° C 

Logic '1' sink currant 

4.25 

7 

11 

rnA 

■Vout B -2V, T a -- '25® C, 
V aQ B "12V 

Logic O' leakage current 

— 

— 

10 

)JA 

V CL)T ~ -18V. T* = +26° C 

Supply Current 

- 

1.5 

2.2 

lYiA 

V D0 = -12V, T a = *26°C 


- 

3.6 

5.25 

mA 

VpD ” "18V, T a 4 25‘C 

AC CHARACTERISTICS 






Clock & Comparator Inputs 

Input Capacitance 



10 

pF 

V N ~ 0V, t - 1MHz 

Crock Freouency 

DC 


£0 

kHz 

V 0D - -13V 


DO 

— 

10 

kHz 

W-12V 

Clock pulse Width 

10 


~ 

MS 

Note 2 

Display Multiplex Outputs 

propagation delay 

— 

_ 

A 

p3 

from Clock positive edge 

Segment Outputs 

Propagation dolay 

- 

- 

10 

,U8 

from Multiplex 
output positive edge 

AY-8-3510 






Clock & Comparator Inputs 

Logie''O’ Level 



“24 

Volts 


Logic'l’ Level 

+•0.3 

•— 


Volte 


Input Capacitance 

— 

— 

S 

Pt 

V|„ ov 

InputLeakage 

— 


10 

PA 

V,h -24V 

Clock Frequency 

Display Multiplex Outputs (Note 1) 

DC 

” 

200 

kHz 


Logic T sink current 

2 

— 

— 

mA 

V out -6V 

Logic ’O' leakage current 

Display & switch Outputs (Hotel) 


~ 

10 

,'jA 

Vciir “ -20V 

LoptoTsIrk current 

0,7 

— 

... 

mA 

V 0 ui e "4V 

Logic ‘O' leakage current 

— 


10 

fiA 

Voot*-MV 

Supply Current 

- -- —i 

~ 


10.5 

mA 

V Dl> * -24V 


'Typitst' values are at +25° G and nominal voltages. 


NOTE 

1. All outputs are single-end&d (“open-drain”). External pull-down resistors are required 

2. A square waveform is oreferred 



















TYPICAL CHARACTERISTIC CURVE? 
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OUTPUT CURRENT VS. OUTPUT VOLTAGE 



V fl Q Volts 

NORMALIZED OUTPUT CURRENT 

vs. SUPPLY VOLTAGE 









\ 










V GG ' 

-15V 





N 








\ 








\ 









b._ 



TEMPERATURE k C 
NORMALIZED OUTPUT CURRENT vs 
TEMPERATURE 



V G<3 Volts 

SUPPLY CURRENT v3 SUPPLY VOLTAGE 


3 % Digit OVM 


fEATUBES 

a single Ramp integration 
B Three measurement rangi>sS99. 1939, 2399 
Dual Polarity, 

a Beading Rate up to 70 measurements P»r second 
Overrange indication, 2 most significant diglln flash 
a separate overran ge output available on 1993 
and 2.m ranges. 
a underrange output 
a Operating voltage 13V to 17V. 
a Power consumption 30niW typical, 
a 7 segment c ECO output 
a ConhoMe&ie display brightness. 

« Load enaoto freezes display. 
a Hold innut hens measurement 

description 

the AY-5-35IX) is a single ramp, dual polarity digital voltmeter 
chip having a selectable scale length of 999.1999, 2999 
His manufactured using the MTNS Sow voltage p-channai nitride 
technology tow power dissipation achieved by Ine use ol 4- 
phese logic with an "on chip" dock Qanarator. 


PIN CONFIGURATION 

20 LEAD DUAL IN LINE 


w„ 0 »-i5V) q 
Lrt:i|ifjr* 9 P Output 
OiSr,Ptg»t Gutpilt 

X.Scsx-fti-alhacvofil 

X?Sc»te fonjjB» ss : 8C d 
400 en>iblr q 
as/A asgitc-ni pun 


t'.'S sngmci 

avoseswn 

F SOfj'l'Ci 


oirtpol d ‘0 
cuiioot uj n 
output d ’I 
cutout d i a 


5 I'.usei output 
3 G'wwp output 
3 V w ccwpamlor 


•" JLSCI) OhjltCo^ct 

j’OijrlSBloel 

h '0 s Uipil Sstael 

iilnfc, CM.S.O.! D'C i 


e next page fa' details of P'n Functions. 


BLOCK DIAGRAM 




P-17 




















i»JN FUNCTIONS 


pvERRANae output 

TMs output go** IO logic '1' as booh as -in overranjii cooat has 
*»«" detected IS returns as; logic 'O' at 'he end ol the measure- 
7>ent cycle 

n operates at 2000 on me 1&99 range 
It operates at 3000 on the 2069 range 

MEASUREMENT CYCLE 

Th©measurement cyclelasts i2fl Multiplex clock periods. Data is 
transferred to the display store from clocks ti3 to 120 The 
counters are reset from I2i to 128. 

UMDERRANGE OUTPUT 

ine underrange output is a puiae frorr' clock 106 to 112 if the 
tiding is less than 259 

SCALE LENGTH SELECT 


CLAMP OUTPUT 

The clamp oirtpui goes toa logic‘1’after 3 Chirnlo-clock periods 
following the input from Uw>Vi H comparator. This output is useri 
to switch of r the v, r; comparator thus reducing the average input 
™Z n \° y “ ?f >r ° f ftpp, ° 5 ’ 70 - Fi 9' 2 «*>»«■ Input waveforms 
without use of'.lamp output and Fig.3 shows waveforms with, usa 
cf cfarop output and timing for ciarrp output 
UCD ENABLE 
Logic *0'^ BCD 
Logic T » V segment 
BCD OUTPUTS 

The BCD outputs appearon ihe 7 segment output linesiLmicrn 
•a the Active Level}; E, F, O ere blanked to logic ‘0 
A 2 
E-2' 

C~ 2 1 
D w 2 J 
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TIMINC5 DIAGRAMS 



%.1 MULTIPLEX INPUT AND OUTPUT 



Rg,3 INPUT AND RESET OUTPUT TIMING 
DIAGRAM SHOWING CLAMP OUTPUT 



KAMI' 0 | *-v. 

QEHeKATOH __| j ' --1 1 

““. l _i 1 _I 

1L HJ LJ 

IMSPl'-'- 1 

Si- n n_ 1 

NrtTS- NOT TO SCAU- 

FlgA INPUT AND RESET OUTPUT 


Y+ ■ >.') uiaVLCX CLOCK l-slitsa—H 



Fig,4 UNDER-RANGE AND OVER-RANGE OUTPUT 
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Maximum Ratings' 


Voltage on any pm with respect co V«. p|r _ POv 

Storage temperature w 0 i .,^50 c (0 ,.^c 

Ambient operating temperature range . q©q , 01>70 r, c 

Standard Conditions [unless otherwise noted) 

V-s - OV 

V<,« “-18.E2V 

V«; “ ZuSS (Note 81 

temperature (t a > - 0°C to +70*C 


•Exceeding -naso ramg* could C a«« 

^ =»ra£?3 

imnllfr 30 COf ‘< l «»'’S IS not 

El, ^ speslttcd 


Characteristic 

Clock Input 
Frequency 
Puts© width 
Rise and Fail time 
Logic ‘p 1 two! 

Logic M‘ level 
Multiplex Input 
Frequency 
Pu,ss width 
Logic ‘0 : levs? 

Logic‘T level 
Control Inputs 
Logic 'O’ love 1 
LOdicTlevc* 

Leakage (si) Incuts; 
Setffnnni,CvorrOng«», 
Underrange Outputs 
Logic ‘O' 

Logic V 

Digit Select Gutpu'a 
Log o 'O' 
logic T 

Ciarop and Rose! Outputs 
Log to'O’ 

Logic V 

Supply Current 


1.5 

+0.3 


15 

+0.3 


Typ” 


30 

2 


20 

5 


'’Typical values areal +25’C snd'nominaivo^r 


kft 

kn 


k a 

kn 


ka 

ITlA 


At logic ‘0 ana ‘1't 


(Seohote 1) 

M logic’O' and’’ 1 levels (Note 2, 


Vow - 0.3V iNote 3) 

Vow Voi -MV (Note 4; 

Vou- r - : -*V (NoteS) 

Vout - Viv +0.3V (Note 6) 

Vow"-0-2V (NotoSj 

Vo ,v-= V r ,,+ ty (Note 7) 
V<x;--iSV excluding output 
current 


NOTE; 

"L This gives a raiding rate o( typical,'y 12 per second 

si££^ 

i 

i »“) *"•*«"»■<*•»» Vcji segment niM 
5. Outout device connected to •/„ digit selected 
b Outoui dev/cc connected to y ot 

1S*% «>Ito», condition 

' 5 " ly appltod * «• ou «>“> *»m. *m its absolute value * not critical 



AY-5-3500 D.V.M, -PSD 90 a COMMON CATHODE LED DISPLAY 








AY-3-31550 


PRELIMINARY INFORMATION 



4% Digit Multi-Meter / Counter 


FEATURES 

a 4?« digit display US,999 max reading! 
n 6 rango autoranging 

■ Autozero, duto polarity 

a Direct LED 7 segment drive 

■ Lending zero bkinkiriij/overrange blinking 
a Multiplexed BCD output 

a Single power supply 

■ Or. chip clock 

« 20,000. 29,399 or treorun counter mods 

DESCRIPTION 

Tiie AY-3-3550 contains nil the logic for a 4 ?j digit DMM {±29,993 
maximum reuding) incorporating dual ramp Integration 
Outstanding features of tnls "snate-of-the-art" DMM chip induce 
6 range autoranging, autozero, auio polarity, direct 7-sagment 
LED drive, and multiplexed SCO'outputs.. An on-chip oscillator 
controls the sampling rate, digit select multiplexing and BCD 
counting. 

Fabricated m GTs advanced N-channel Jon Implant process to 
enable operation from a single power supply ( M.5V to^-l IV), the 
AY-3-35S0 typically draws only 12mA when operating al *5V. 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 


Top »(bv, 




0 - 2 ?. 



tLrw.rJB 


Functional Description 

to Figs 1 and 2 and the Block Diagram) An input on the 
Lmoie/Reset OSC Input triggers too internal reset signal which 
turn resets the internal BCD synchronous counters 
vnehromzes me masw- clock win tne control signals and 
simultaneously activates the >0’ Multiplex output At the hr* 
" stBr dock following the trailing edge ol tne mlernal reset, the 
■sample Control’ signal is activated r h;s signal opens snr- 
,wi ch in the- analog section to Integrate the unknown input 
wnlmae After 10,000 Internal cloexs, Iha-Samole Control”signal 
lS deactivated and either Ref SWl or Rat SW2 activates 
rieoendirig uoon the comparator logic level This in turn switches 
■hr.- integrator to the? apposite polarity source Compared to tho 
unknown input va lags, the integrator capacitor Is discharged 
until the owlput voltage raacnoitnecomparator ihreshola value 
»- h i6 variable time is proportional lo the unknown voltage. I he 
Comparator input voltage change at this tinv slops the internal 
counter and -menially producc-s r. transit pulse to store tne 
measured count. Tne storage registers art; fed to the BCD 
multiplexer which is controlled by 3 digit select counter 
According it) the multiplexing sequence. She seven segment 
information and BCD dels are made available at the Seven 
Segment and BCD Output pus Note that the Autosera signal i» 
deactivated during the counting cycle. Also, the. correct polarity 
signal Sign Output i$ available when either of me reference 
switches art- - eotivatad. 

Transfer Logic and Timing 

BCD data -n the dscRoa counter is transferred to the storage 
rogisters by means of an active Comparator input. BCD data can 
also be iransferred to the -atones under the control ot ihe 
Transfer input signal 

Tne Transfer signal at its active (nigh) state causes a continuous 
transfer and display mod© a- it can be pulsed to transfer on 
command The Transfer signal in its active state also triggers the 
auto-range up-down counter whose function is do term I nod by ns 
control ,ogic The internal transfer pulse- is suonrceded by an 
external signal applied at the Transfer Input The Transfe ' sipro- 
in Its active slate .-ilso blanks the Decimal Pom' Output 

Scan OSC. Logic and Timing 

Tne digit select counter and deccdei is ttdgo-tnggereo from 
either a signal applied at the Scan OSC. Input or from tho output 
ol the internal seem oscillator The frequency of the internal 
oscillator' is controlled by an RC network tied at this input • fc«* 
digit selecl counter is set to the MSO position by « reset signal 
Each of the five digit select fine outputs is aeou&ntiaily activated 
(low) when the corresponding d.g-t Is selected The internal 
synchronization logic is incorporated to ensure dial bote ’he 
seven segment and SCO data irom tne selected latch ar© valid 
prior to enabling the corresponding Digit Select Output 

Sample/Rsact OSC. 

An input pulse on this pin activates an internal one-snot which 
resets the BCD decade counter arid forces tho dlgil select 
counter to the MSD position This reset oulse aico synchronizes 
tho master oscillator frequency to control the logic outputs and 
BCD counters, An AC network tied to this input causes ir-e 
internal oscillator to function at the frequency selected. 

Leading Zero Blanking and Decimal Point Control 
At the start ot each MSD to LSD scan cycle, a blanking of leading 
zeros occurs until the decimal point active slate is clocked. Any 
number following a decimal point Is displayed. Leading zero 
blanking does nor affect the BCD outputs and the itV and IQ* 
dlgits in the display This feature allows tha chip tc work as i 3-% 
DMM Leading zero blanking is inhibited wmne-ver ihr Auto 
Blank Disable is t ed to an active (low) level 


Autoranging 

rp.Fj eutorringe jp-down counter -s euge triggered by a transrer 
pulse (internal or external) In conjunction with the osscciakc-d 
control logic Tire autorange counter *n decoded Into one of the 
<jvo output signals through buffers R* thru RS. Range Rt acts a 
R6 whor the D°2 control signal is zero 

Down Banging 

if the display count is isfia than tfiOO. Tne autorange counter is 
downrtiiifjlnji. except ai the resistance range (Function S) When 
in this '-lode, the counter s upranging. Between count lOOOand 
20,000. no autorarge movement occurs. At 20,000 or above the 
counts* upi tinges except in the resistance range wnen the 
count® 1 do v.-n ranges Doper ding upon Ihe stats of the Limit 1 
and lo-mt 2 control signals, the scale k-ngtb could ho 20 . 000 , 
©3.939 or free run 

Flashing Logic 

The MSD dmit Hashes when die count is above 20,000 ana :ne 
chip te in scale length 28,999 (LZ't.LI’OJ if leading zero 
blanking is not disabled m this mode, ell digits except MSD ere 
Blanked out and ths MSD flashes-, -reheating an overrange 
situation in the highest possible range rpis feature prevents 
current drain through the segments -n an overflow conaillon 



Fig 1 DIAGRAM SHOWING DISPLAY CONNECTION 
AND CONTROL INPUT TO ANALOG SECTION. 











TIMING DIAGRAMS 
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ft pi functions 



GodeSeloctlnpul 


M2 Bits 1'10 Input 

Shift Input 


parallel Load input 


Serial Input 
Oscillation Qutout 
Arising Output 

Positive Reference 
Negative Reference 

Temperature Compensation 


Oscillator Frequency Control 


invert Input 
Vco 


Positive power aupt>W-5V 

Louie 'O' gives Binary coding. Logic 'I' gives 2'a complement 
coding. {See table 11. 

Parallel ctata Inputs. Bit 1 ib MSB. 

Cjnck input for serial mode. Data is shifted in on thoTT to'V l°9 1{ - 
transltlon. I n tho parallel mode this Input must beat logic 1 
in the parallel mode oata is loaded mm the data register whan this 
input is at logic 'V This input should be at logic '0 in paralle 
mode operation. 

a logic *1 ’ on tmainput loadssenal data into the data register The 

data is latched wW the input returns to logic 0 'his input 

should be attogiC'O'InporaliolmodBOpflration 

Serial data input 1 f 'rsi. 

ti'l. comestible oscillator output &gnal. 

Analog output to uw pass filler. This output is a stochastic pulse 
wsvoiorm having ft mean amplitude equal to the required DC 
output level. 

t4.5V nominal re’.erence of voltage. 

o>/ reference, connected to CV visa 500 ohm variable resistance 
used to adjust the error at half scale to zero. 

This pin is connected to Vca via a «2K ohm 5% resistor to achieve 
the stated temperature stability. The temperature stability can w 
improved by a factor of * by using an l&K ft resistor in parallel 
with a OPGCW0-39K n thermistor instead of the. 1 2K ft resistor. 
Tmsptn is connected to V,o vn o 50 K ft variable resistor used to 
adjust the oscillator frcauency to the required value. 

A logic '1 ‘ on this input inverts the output 

Nag at ive power supply -• 12V. ______ . 


OPERATION 

Thu binary word contained withe input register is compared with 

(ho output of a continuously cycling counter The output of the 

comparator is high whenever the omary input 15 

counter, this results in an output waveform which has a me-n 

value equal tothedeslred analog output rhisoutputls passed 

through a low pass Mite- to recover the DO level 

The counting sequence cif the binary counter hat wsenenosen to 

optimise the conversion characteristics and the frequency of thc- 

output noise to simplify the filtering. 


MULTIPLIER OPERATION . 

ThP av- 5-5053 may be usco as a Digitsl-Anaiop multiplier by 
replacing me posillve nfnonoowttl Anslog mjjHIgwWuJ 
voltages In the range otc *5 5 Volts may be tlratf. The accjrecy is 
of the order ot 5,1% ana the Kittling time if. ea <or norina 
operation 











10 an D/A CONVERTOR PARALLEL INPUT SECOND ORDER FILTER 0 to -rlQV OUTPUT 



D/A CONVERTOR TYPICAL TEMPERATURE STABILITY 


i 
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SERIAL DATA TRANSMITTER FOR AY-S-5053 D/A CONVERTOR 
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CascatlBEnaDisOurput 


Positive Power supply ('-5V) 

Centrals direction or counting, atiogicT ForUP 
CIock input tor UP'DOWN counter Control ioc.no inhibits the 
clock during UP/DOWN transition, during loading ol trie trans- 
mltterand when the counter has readied all '0's oral) *Y& 

This output goes to logic T a» the end ot data transmission for 
one dock cycle. It can be connected to me Transmit input of a 
•second AY-5-S0.54, enabling a scneii of converters to oe interro¬ 
gated soauential ly using only oneUna 


Serial dale output 'ro;r transmittei, 8 or 10 bits piun m»my MSB 


Csta Avertable Output 


Pulse Cham Output 

CiookinDut 
Even/Odd Parity input 
B'lOBitConlrol input 
P jrallei Data Outputs 
ground 
V.-jc 


A puise to logic V on this input loans data Into mo transmitter I' 
data is being tramnnittod the command is stored untli the traris 
mission is campi-Me. 

Ti’ita output goes to logic v when valid acta nas been loaded into 
the- transmitter It returns -o ‘og c 'O' when the transmission has 
Iwen completed 

A putse to logic "i on this input causes transmission to com¬ 
mence The pulse must last at least one but no mow than a cjoch 
periods 

A chain of 9 or 11 pulses Is output an this l.ira during data 

transmission. It would be used to clock drrta into he receiver 

Clock for tne data transmittei- iMHz max 

LogicT gives even parity 

Logic ■ t' gives 6 bit GaiatransmuBia h 

Connect to °uniUu' inputs of AY-5 -5053 

Negative power supply ( ' 2V>. 


I A/D CONVERTOR RESPONSE TIME 


1 SIMPLE TYPE • »3T ORDER FILTER 


NO OF BITS 

10 

0 

e 

Filter time constant 

4.5 msec 

1.2msec 

0.3msec 

Clock frequency 

lOKHz 


160 kH? 

Settling time to ’/;LSB 

200msec 

50msec 

i2.5ni3SC 


2 VARIABLE CLOCK FREQUENCY TYRE 

II the counter clock frequency is arranged to ce proportional to Hie difference 
between the input voitago and the actual convertor output, the response spoed 
tan bo considerably improved. In this case the system becomes a linear one and a 
2nd order filter can be used without danger of oscillation, 


NO OF BITS 

10 

0 

Filter time constant 

0.66 ms nc 

(Utternosc 

Settling timato'/iuSB 

'..Smsec 

3msec 

Max. clock frequency 

fl50khz 

'MHz ! 
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TEB!i«iT!CS 


SlfiAPLS *0 B!T A/D CONVERTER 



ELECTRICAL. CHARAC* 


'Exceeding these ratings eoulo cause 
parmanont damage Functional operation of 
this device at these condition Is not implied— 
operating ranges are specified below. 

Standard Conditions (unless otharwise noted) 

V cc =■ *0 3:0.SV 
V oa » -12 .r 0.5V 

Operating Tamperauirc (T A )~ 0°C to -70° C 


Evituunium nanngs 

Voltage on any pin with respect to V*s pin -20 to K>.3 Volts 
Ambient Operating Temperature range 0 a C to +70® C 


Characteristic 

Mlu 

Typ”* 

Max 

Units | 

Conditions 

Clock and Clock inputs 1 






Logic'O’level 1 

— 

— 

+0,8 

Volts 


Logic 'V level 

Vcc—1.S 

__ 

Vcr-O.S 

Volts 


Frequency 1 

DC 


1 

MHz 


Capacitance 

— 


10 

pf- 


Leakage 

- 

— 

to 

+A 

Vin—V cc—HIV 

logic Inputs 






Logic O’ level 

— 


+o,a 

VoitS : 


Logic T 'aval 

Vcc-1.5 

— 

Vcc+0.3 

Volts 


Capacitance 

— 

... 

10 

PF 


Leakage 


— 

10 

fiA 

V,j,=Vcc-10V 

Output i 






Logic ‘0* evel 

... 

_ 

+0,4 

Volts 

lot ~ 1.6mA 

Logic':'level 

Vcc-1 ! 


„ 

Volts i 

Ion- lOOuA 

Power 


240 

“ 

mW 



"Typical values are at +25°C and nominal voltages. 



TIMING DIAGRAMS 
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SBA 


PRELIMINARY INFORMATION 



Sequential Boolean Analyzer 


FEATURES 

n 1023 words of program 

o 30 programmable inputs, outputs, or multiplexed 
Input/outputs 

s 16 element stacK and 120 element Read/Write memory 
a AND, OR, XOR, COMPARE, INVERT basic logic functions 

■ Serial processing of inputs and stored information 
provides very easy programming in Boolean logic 

■ Versatile cloc* generation scheme 

■ TTL compatible inputs and outputs 

■ Simulator and software program compiling facilities 
available 

DESCRIPTION 

The SBA is a microprogrammable Sequential Boolean Anelyrer 
which forms the basic controlling element for many systems 
requiring timing and control functions, The SBA is fabricated in 
Gl's low voltage lor implant N-channel process resulting in high 
speed operation and low power dissipation 

APPLICATIONS 

The SBA is suitable fora very wide spectrum of applicationssuch 
as - 

TELECOMS: Simple PAX controllers, Relay circuit control, 
Answering machine controllers, Line seeker/monitor. 
INDUSTRIAL: Complex sequential timers, Small machine 
controllers. Special purpose digital clocks, Alarm monitor. 
CONSUMER: Gaming macnines White goods timers. 
Combination locks, Pinball machine/one arm bandit. 


PIN CONFIGURATION 


' -- 

40 LEAD DUAL IN LINE 



Top Vi 

w 


V„ C .. « 

<0 

p SO 

RESET C 2 

39 

□ I/O Control 

HALTED E 3 

38 

3 Clock 

-SV C 4 

37 

3 Pock 

♦12V C S 

36 

b Pock 

I/O l C 6 

35 

P 1/0 30 

I/O 2 C 7 

34 

P VO 29 

I/O 3 E a 

33 

3 /O 28 

1/0 4 C 9 

32 

1 t/O 27 

I/O b Z io 

31 

] I/O 26 

i/O fl C 11 

DO 

5 I/O 25 

I/O 7 C 12 

29 

P UO 24 

I/O a c 13 

2& 

n 1/0 23 

1/0 9 E W 

27 

3 1/0 22 

I/O ’0 d 15 

26 

] 1/0 21 

I/O ’1 C 16 

25 

3 1/0 20 

I/O <2 C 17 

24 

□ I/O >9 

I/O 13 C 18 

23 

□ I/O IB 

I/O 14 C 19 

22 

3 VO i 7 

I/O 15 C 20 

21 

El 1/0 16 


MICROPROCESSORS: As a slave processor for BCD/binary 
conversion Binary/BCD conversion, Alarm condition 
rnqnitor/interrupt generator, Peripheral controller. 

In general the SBA is best suited to applications wnere a control 
response is required in milliseconds rather than microseconds. 




PIN FUNCTIONS 
RESET Input 
GO Input 


When taken to a logic 'O', this input win reset the program to tha start position. 

When taken to a logic‘O’, this input will halt the program ai the end of the program cycle and will activate Ine 
HALTED output When taken to a logic 'T, the program will cycle continuously 
HALTED Output A logic 'i* on this outout indicates that the program nas stopped cycling 

INPUTS/OUTPUTS There are 30 Input/outputs on the circuit which car oe mask programmed as inputs, outputs, o r 

inputs/outputs 

I/O Control When this output is at logic ’O’, the circuit will output information When it is at logic T. it will read input data 



ELECTRICAL CHARACTERISTICS 


Maximum Ratings' 

Voltage on any pin with respect to V ss . -0.3V to ■'-lSV 

Storage Temperature Range.55° C to -15C°C 

Operating Ambient Temperature Range. 0 s C to -70°C 


Standard Conditions {unless otherwise noted) 
V SS = 0V 

Vcc = +12V * 10% 

Vqg « +5V ± 15% 


'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at those conditions is not implied 
— operating ranges are specified below. 


Characteristic 

Min. 

[_I yp ‘ 

Max, 

Units | 

Conditions 

Clock 

10 


300 


Note i 

Inputs 






Logic 'O' level 

r0.3 

— 

•<■0.4 

V 


Logic T level 

+2.4 

— 

n-12 

V 


Current 

— 

— 

10 

UA 

V IN “ t 12 V 

Timing 

- 

- 

— 

— 

Note 2 

Outputs 






Logic "O' 

— 

100 

— 

Ohms 

0.7V at 7mA 

Sink Current 

— 


20 

mA 

Max total power 150mW 

Logic *1* 

1.2 


— 

MOhms 

open drain 

Leakage current 


— 

10 

1 UA 

V 0 UT =-12V 

Timing 


- 

~ 


Note 2 


NOTES: 

1, Clock frequency controlled oy external R/C network 

2 The timing of Incuts depends on tne clock frequency and me program length Refer to the detailed descriptions 














PARTI Genera? information 



A. INTRODUCTION 

The Sequential Boolean Analyzer (SBA) is a very simple single 
Dlt processor which can directly evaluate a set of Boolean 
equations. 

The use of Boolean Equations as a 'programming language’ has a 
number of unique advantages. 

1 . It is concise 

2. It is standarized worldwide 

3. engineers already use it and understand it 

4. universities teach it now and have done so for many years. 
5 it serves the dual purpose of both program and 

documentation 

6 . it has stood the test of time. 

The equations define the logic that controls the system to which 
the SBA inputs and outputs are connected 

Inputs - - Outputs 

from - SBA - to control 

System - - the system 

In addition to Boolean logic, most systems require that some 
events have to be ’remembered", this being the reason for the use 
of flip flops in TTL type logic implementations. In the SBA a 
number of internal storage elements are provided for such 
purposes 

A memory is used to hold an encoded version of the Boolean 
equations that define the desired function of the S8A and there is 
a one to one correspondence between the data In this memory 
and the Boolean Eauetions as written by an engineer. 

B. PRINCIPLE OF OPERATION 

A block diagram of the SBA showing the program memory, 
inputs, logic unit, stack, stored states and outputs is shown in 
Fig. 1. 


Tne SBA functions as follows: 

1. The new inputs are read in from the system being controll¬ 
ed end are letched >nto the Input latches 
2 The SBA now reads the Boolean equations out of the 
memory and, using the logic unit and thestack, it processes 
the input data and stored states one Boolean term at a time 
to produce results which are either ’remembered' as stored 
states or placed In the output buffer. 

3. The Boolean equations are taken from the memory term by 
term and when all the equations have been evaluated the 
results are transferred from the output buffers to the out¬ 
puts ana thus to the system being controlled. The program 
address counter Is then reset and the cycle begins again. 

C. COMBINATIONAL LOGIC 

If th6 SBA is used to emulate comoinational logic, then the 
Boolean equation which defines the logical function will only 
contain Input terms and output terms. For example- 
A = B.C.-D+E.F. (X + -X.G) 

L = T - E.F. (X ♦ -X.G) 
wnere . signifies logical ANO 

- signifies logical OR 

- signifies negate (-D read not D) 

A and L are outputs 

all other letters are Inputs. 

The number of progrem steps required to evaluate the above 
Boolean equations can be reduced by using astored state to save 
the value of E.F. (X * -X.G) after it ha6 been evaluated the first 
time This partial result can then be used in the second equations. 
Now we have. 

a. stored state = E.F. (X * -X.G) 

b. A = B.C. *• stored state 

c. L-T* stored state 

This example serves to illustrate how the equations can 
sometimes be optimized by trading off stored state memory 
against program memory. 



D. SEQUENTIAL LOGIC 

Although some problems are comoinational in nature, the vast 
majority of practical problems are sequential 
A sequential system Is one >n which the response to a given set of 
Input conditions is dependent on the previous history of the 
system. An example might be a digital clock where normally the 
$8conds digits are incremented except when they are at 59 when 
they are reset to 00. In other words the next response of the 
counter depends on Its current value and there may be different 
responses depending on different current values. 

All sequential systems can be described by a combinational 
network in which some of the results of the Boolean equations 
are stored in a memory, ft is this memory that remembers the 
history or 'state' of the sequential system. 

Thus tne stored state memory of tne SBA nas Its mam use m 
remembering the ’state’ of the system oelng Implemented. Each 
time the SBA evaluates the complete set of Boolean equations 
describing a sequential system, It uses the stored states as part of 
the equations. As the evaluation proceeds, the stored states may 
be changed if the Boolean equations demand it 
A simple example is shown by a Vending Machine where there 
are two major states—1. not enough money to buy anything, 
2 enough money, so supply the goods. 
In this example some of the stored states would be used to keep 
count o* the money that has been fed into the machine. The 
Boolean equations controlling the dispensing of the goods 
would all contain a term involving the stored state that could 
never be logically true if there were not enough money to buy the 
goods. As soon as goods were bought and supplied the stored 
states holding the 'amount' of money would be altered to reflect 
that the goods had been supplied thus switching the system back 
to state 1, 

E. SYSTEM DESCRIPTION 

The Sequential Boolean Analyzer consists of the following major 
components (refer to Fig. 1)- 

7. A Program Memory which holds the set of Boolean 
equations defining the system operations. In the slngleehip 
version of the SBA this is contained in an on-chlp mask pro¬ 
grammable ROM. There will be another version In which the 
program memory Is off the chip and It can then be ROM 
RAM or PROM as requirea. The Boolean equations whicn 
define the logical relationships between the SBA inputs, 
stored states, and outputs are stored in the memory as 0 bit 
words in an encoded form. An exact definition of the code is 
given in the next section 

2. A set of up fo 30 input buffers which are latched at tne start 
of the evaluation of Boolean equations, This is done so the 
input values are consistent during the whole period of time it 
takes to evaluate all the Boolean equations once 

3. A number of pages of 30 stored-state flip flops which can be 
grouped to emulate counters and shift registers, or used 
singly as 'flags' to remember the state of the machine, or in 
logic equation reduction. The SBA addressing structure 

AND OR 

A B RESULT A B RESULT 

0 0 0 0 0 0 

0 10 011 

10 0 10 1 

111 111 
Output hue only if Output true if 

both Inputs true. either input true. 


only allows for30 addresses, but the number or stored statas 
is increased to 120 by having typically 4 pages of 30 each 
Two instructions control a 'page counter'. One ateps the 
counter and so changes the page, and the other sets it back 
to the first or 'home page 1 . Thus an infinite number of pages 
is theoretically possible, the SBA stepping through them in 
sequence as required with the option to return to the stert at 
any time 

4 A logic unit which can perform all the possible logic 
functions of two variables, namely AND, OR. EXCLUSIVE 
OR and COMPARE, and also negate (invert). The truth 
tables of the functions are shown in Fig. 2. Ahy logic system 
can be described by a set of Boolean eouations written with 
these operators 

The logic unit always has two Inputs and produces one 
output and there are two types of action. 

(a) One input comes from an input latch or stored state; the 
second <nput comes from the top of the stack, and the 
result is placed on the top of the stack. 

(b) One input comes from the top of the stack; the second 
input comes from the next location pf the stack; and the 
result is left on the top of the stack. 

The exact operation of the various Boolean equation 
evaluation codes is defined in the next section 

5. The stack is always involved m logical evaluations, as the 
lop of the stacK is always one of the operands to the logic 
unit The stack is just a pile of Boolean values and can be 
imagined as a vertical shift register m which data is always 
put into or taken from the top. When data is added to the 
stack, >t is said to be 'pushed' onto the stack The new data 
becomes the top o ( the stack and all the previous data is 
pusheo down the stack by one place. If the opposite is per¬ 
formed, the data in the stack is moved up by one place and 
the slack is said to be popped’. The top of the stack will be 
lost and the data previously just below the top will become 
the new top of the stack 

The data stack in tne SBA is normally used as workspace or 
eccumulatorand the top of thestack is used in most of the 
instructions together, sometimes, with the next location 
down. However, the stack esn also be used to store 
temporary Boolean variables and helps greatly in the 
evaluation of Boolean equations containing brackets, For 
example a function such as: 

A. (B.C. * (D.E - P.G).(H.( * J.K)) 

would be evaluated in the following way: 

Operation Result 

(a) evaluate D.E O.E 

(b) push into the stack 

(c) evaluate F.G 

(d) OR D.E+F.G 

(e) pusn into tne stack 

(f) evaluate H.l + J.K as in (a)-(d) 

(g) AND 

(h) push into stack (D.E+F.G).(H.I-J.K) 


EXCLUSIVE OR COMPARE 

A B RESULT A B RESULT 

0 0 0 0 0 1 

0 11 0 10 

10 1 10 0 

110 lit 

Output true when Output true when 

inputs differ inputs compare 


Fig. 2 LOGIC FUNCTIONS 
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Operation Result 

(I) evaluate B.C 

(j) OR B.C+(D.E+F G).(H.I+d.K) 

(k) AND tne stack with A Final result. 

Naturally this Is not tne only way tne stack can be usbcJ, the 
variation being limited only by the Imagination. 

6 . A set of up to 30 output ouffers which have their new values 
stored In them as the Boolean equations are evaluated. 
When all the equations are complete, at the end of a 
program cycle, the date on the output buffers is relatched 
into the output drivers connected to the system being con¬ 
trolled. In this way the external outputs of the SBA are up¬ 
dated once per cycle and remain unchanged until the end of 
the next complete evaluation of the Boolean equations. 

F. INPUT/OUTPUT 

It has been noted that there can be up to 30 inputs and up to 30 
outputs available in an SBA. However, because of the physics 1 
limitation of an actual device, if there are more than a total of 30 
inputs and outputs then inputs and outputs are multiplexed onto 
the same pins. So the device will be available with 30 pins mask 
programmable to be inputs, outputs or multiplexed 
input/outputs 

G. CONTROL LOGIC 

As well as the major functional blocks described above, tne SBA 
contains some simple control logic which operates transparently 
to the user. At the end of a complete program cycle, l.e. at the 
Restart instruction, the following actions are performed: 

(a) the contents of tne output buffers are relatched into tne 
outputs 

(b) the top of the stack is set to a logic 1 

(c) the page counter Is set to the home page 

(d) new inputs ere latched 

(e) tne program address counter is set to ooint at the first term 
of the first Boolean equation. 

Once the SBA has started a program cycle, the program address 
counter is simply Incremented every SBA clock cycle, the 
Instruction read out end acted upon. 


H. SBA RESPONSE TIME 

It Is implicit In the description of tha operation that the spsed of 
response of the SBA to an external system being controlled la 
determined by the length of time it takes to evaiuetc the complete 
set of Boolean equations once. This Is because the Inputs and 
outputs are only latched once par program cycle of tha SBA's 
operation. 

The SBA Is designed in such a way that afl Its logical operations 
and data transfers take the same time to execute (In fact, one of 
the SBA's Internal clock cycles) and so the response time of the 
output of the SBA to new Inputs from the system being controlled 
by the SBA 16 directly proportional to the number of Boolean 
operations required to define the control function. This response 
time will typically be of the order of a few milliseconds. 


I. DATA PATHS 

The data paths available in the SBA are illustrated in Fig. 3. The 
focal point as far as data is concerned is the top of the stack since 
all data transfer go to orcomefrom the top of the stack, Thestack 
Is loaded from an Input orstored state. The logic unit can perform 
any logical function on it and the result can then be stored on any 
output buffer or a stored state. 

Note that it is not possible for Boolean equations to use termB 
involving data on the output buffers. If such afacllity Is absolutely 
necessary, then a copy of the output buffer state must be made in 
a stored state ao that the data path to the top of the stack Is made 
available. The outputs of the SBA can be connected back to 
inputs either directly or via some piece of circuitry. A direct 
connection forms a stored state that can be accessed from 
outside the SBA. This can also be a limited source of extre stored 
states. External logic can be connected between outputs and 
Inputs or even keys and switches. This latter possibility Is useful 
In, say, scanning a matrix switch or selecting a code switch, and 
reduces external circuitry 

However, in general, the outputs of the SBA areconnectedtotha 
parts of the external system that controls its actions and the 
inputs of the SBA are connected to parts of the system that 
monitor its current state. 



Fig. 3 DATA PATHS 


j 
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J. BOOLEAN EQUATIONS IN THE PROGRAM 
MEMORY 


In order to make the best use of the space available for memory, 
the codes representing the Boolean operations should be as 
efficient as possible. It has been determined that about 20 
instructions would provide a good compromize between the 
number and efficiency of the Instructions. Given also that about 
30 inputs and outputs were suitable for the requirements of the 
typa of system likely to be controlled by an SBA, the following 
scheme is used. 


An 8 bit word is used for each instruction code. 5 bits provide an 
address for the Inputs, outputs or stored states and, If two of the 
32 available addresses are reserved for addre9Bless Instructions, 
the remaining 3 bits of the code enables a total of 24 Instructions 
to be made available, 

The 8 bit Binary word Is conveniently represanted by 3 octal 
(redix 8) digits ranging from 0 to 377 (O0 000 000to 11 111 111 
binary). The least significant 3 binary digits are treated as the 
Instruction, and the 5 most significant bits as the address. 
Addresses 1 to 38 (octal) represent the 30 addresses required 
throughout the SBA (1-30 in decimal',. Addresses 0and 37 (allO's 
and aid's in binary) are reserved for Instructions as shown in Fig.4 


; vm 

■ 


Memory 
Code 
in OCTAL 

MNEMONIC 

Functional Description of Code 

Memory 

Code 

In OCTAL 

MNEMONIC 

Functional Description of Code 




000 

RESTART 

Restart evaluation of equations 


ANDIN 

This input specified by the 

001 

INVERT 

Invert too of stack 

36 j 


address is ANOed with the top of 

002 

PAGE 

Change Page 

01 \ 





Back to Home Page 

to } 1 

NANDIN 

The logical Inverse o< the input 
specified by the address ia 

004 

PUSH 0 

Pusn logic 0 onto slack 



ANDed with the top of the stack. 

005 

PUSH 1 

Push logic 1 onto stack 

to ) 2 

ANDSS 

The stored state specified by the 

006 

PUSH C 

Push and copy top of stack 

36 j 


address* is ANDed with the top 

007 

POP 

Pop the stack 

01 ) 


of the stack. 


AND } 

Perform the function 

to > 3 

NANDSS 

The logical inverse of the stored 



on the top two locations 

36/ 


state specified by the address’ 



of the stack, Store result 



Is ANDed with the top of 


COMP ) 

on too of stack 



the stack 





ASPI 

The stored state specified by the 

374 

PAND ] 

Perform the function on the 




375 

POR 1 

top two locations of the stack. 



of the stack, then a 1 is pushed 

376 

PEXOR j 

Push result into stack leaving 

0 !) 


onto stack 

377 

pcomp; 

logic 1 on top 

36 j 

NAoPI 

specified by the address* is 






ANDed with the top of the stack 




01 \ 


then a 1 is pushed onto stack. 




to | 5 

STORE 

The value on top of tne stack 




36 J 


is stored in the etored state 






specified by the address* and a 






logical 1 left on the stack 




to [ 7 

OUTPUT 

The value on top of the stack is 




36 j 


stored in the output buffer 






specified by the address and a t 






left on the stack. 





he address of a stored state defines 1 of 30 on the currently enabled pege 
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Description of Codes. 

LT.X“ 5M ' OTde ""' n9,haBOO,ean » < ’‘'« l °">’»'^<<>-our 

IS 8i 1 9,e i °P era "d instructors which affect the stack 

Sm TT* t8kinS inputS ,rom the sf aOc and storing 
the result on the stack a 

(C) Xr s,er in5lr ‘ JC,to " s ,or lnpul5 ' “°™ and 
(d) program control Instructions. 


Category (a) — stack manipulation (See Fig. 5); 

■ r"I? P “ ,s '? ck ' 7 he Boo,asn v8,u a Is lakan (rom tretqp 
' !„i ni ,6PlaMd by ilS '“a 1 '* 1 > 1 becomes 

popped 8 “ a ’• The s,ack '■ "'"dar poshed or 

2 ' dole o°"'°, StaPk ' A " 0a,a vallJW 'de stack ere pushed 
3 pish 1 T,” ?* ! ” '° Bl ° ° M,e,ed ° n '°P »f thestaok 
“ ° ate , k ' A " ,lems ln fda ofaodare pushed down 
one place and a logic 1 put on the top 

t0P 01 S,0Ck - Data is moveo ^wn the stack 

,3 copTedTSC P ° S,aPk {n °'“ ,hB " M PP5ito " d °»"> 

S ' 2ce h T?“t Vall,aS a,e m ° ,6d “0 «ack one 

pface. The old top of stack is lo6t. 


Category (b) — logical operations (See Fig 8'- 

COMP?™ITS types here ' = IP9IMI function (AND, OR, EXOR. 
comp) and the function followed by PUSH: 

1, AND, OR EXOR, COMP. The top two elements of tne slack 
are propped into the lopic unit, the logical function Is per- 

2 resu " pushed ^ ° n, ° 

2. AND PUSH, etc. The top two valueson the stack are popped 

into the logic unit, the appropriate function is performed on 
them, the result Is pushed onto thestack. and this Is follow¬ 
ed by a logical 1. This form ol logical operation is used when 
the result IS to be saved in the stack for subsequent pro- 
oesslng. The 1 is put onto the stack to make It ready for 
further evaluations 





§ 



9-42 



Category (c) — Input/output operations (Sea Figs. 7 and 6): 
These instructions have two parts, the command and the 
address. The command definee the data path (input-stack, stored 
state-stack, stack-stored etate or stack-output) and the logical 
operation to be performed, if any. The address defines which of 
the 30 pieces of data Is to be manipulated 
STORE and OUTPUT take the logic value from the top of the 
stack and transfer It to the approprlte 6tored state or output 
buffer, the top of the stack being replaced by a logical f ready 
for the next evaluation 

A NOIN takes the value of the addressed Inputend ANDs it with 
the top ol the stack. 

NANDIN takes the logical inverse of the addressed inputs and 
ANOs it with the top of the stack. 

ANOSS takes the value of the addressed stored state and ANDs 
it with the top of the stack. 

NANDSS taxes the logical inverse of the addressed stored 
state and ANDs It with the top of the stack. 

In the above four operations, the stack Is neither pusned nor 
popped 

ASP1 takes the value of tne addressed stored state, ANDs it 
with the too of the stack, and pushes 1 onto (he stack. 
NASP1 take6 the logical inverse of tne addressed stored state, 
ANDs It with the top of the stack, and pushes 1 onto the stack 
Category (d) — control: 

PAGE. There are typically 4 pages of stored states In thoSBA, 
and the instructions reading and writing to and from thestored 
states only provide an address within the currently enabled 
page. The PAGE instruction steps the page counter and 
enables the next page. 

HOME. If it is required to enable a page of stored states that has 
been passed, the HOME instruction causes the page counter to 
go back to enable the home page. 

As an example, it the pege counter Is currently enabling page 3 
and it is required to update a stored state on page 4, the PAGE 
instruction would be used. If now a stored state on page 2 is 
required, a HOME Instruction will switch back to page 1 and a 
PAGE instruction will step to page 2 
RESTART. This cooe is always (he last code In tne program 
memory (note that its value is conveniently ell zeros) and when 
seen by the control logic the following is performed: 

1 fhe contents of the output buffers are relatcheo to the 
outputs. 

2. a new set of inputs are latched 

3. the top of the stack is set to logics 1 1 

4 the page counter is reset to the home page 
5. the program address counter is reset to restart tne 
evaluation of Boolean equations. 










PART H Using the SBA 



A. INPUT/OUTPUTS 

The addressing capability ol the SBA allows lor 30 In puts and 30 
outputs. There are 30 pins available as Input/Outputs and so if 
more than 30 total inputs snd outputs are used they must be 

multiplexed. 

There is a mask programmable option on each of the 30 pins to 
allow them to be Inputs, outputs or multiplexed input/outputs. 
Regardless of the option, the internal addressing of the pins 
remains the same and so. for example. If an application requres 
only one input and the board layout requires it to be the last pin 
the program must use address 30 . 

Input 

When programmed as an INPUT,nothing will be able to beoutpui 
from the pin even if the program loads something in the 
respective output buffer. 

Output 

When programmed as an OUTPUT, the input data path is still 
connected and the value on the pin will be letched with all the 
other inputs at the appropriate time. This fact cen bs utilized as 
follows: 

(e) It Is sometimes required that the value of an output is used 
In the processing during the following cycle and would 
normally have to be copied into a Stored State. Feeding an 
output back as an input in this way avoids this problem and 
can also be used as a limited supply of extra stored states, if 
spare pins are available, that can also be read outside the 
Chip. 


(b) As well as reading the value ol the output direetlv th 
output cen be modilied by malting use ot the open drain 

can be modified by en externally connected active pun 
down device and the result read into the input. Somethin! 
white man ° ver ! c,e woul ° 68 8 simple use of thistle*! 
?erfor3 C ° mP IP9iC ' ur,di0n5 ca " als ° 88 

Multiplexed Input/Output 

For complete separation of inputs and output* th 
MULTIPLEXED facility must be used although external logic 
must ba used for demultiplexing. og,c 


Output Drive Capability 

The Output drivers have an impedance of 100 Ohms and are 
nominally rated at a sink current of 7mA. Thus each output can 
dnve 4 TTL loads plus a 10 fCOhm pull-uc resistor to +5V. 

The nominal current rating is determined by tha total allowable 
power dissipation in the output circuits, which Is a maximum of 
750mW. The 7mA rating has been determined assuming all 30 
outputs are being used. If less than the maximum are in use the 
current rating for each can be Increased up to the maximum 
rating of 20mA, keeping within the 150mW power restriction. Fig 
9 gives a guide to the current capacity for different numbers of 
outputs in use. 
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0 . device timing 

The clock car) be generated internally witn the help of an external 
r/C network connected to the three 'dock' pine, or an external 
clock can be applied to the clock input. 

The SBA will perform the instructions in the ROM, one per clock 
cycle, unti' the RESTART Instruction Is reached. At this coin! a 
spaclal sequence is performed that is shown in Fig. 10. 

The possible variations are due to separate or multiplexed 
inputs/outputs and the use of HALTED and GO. 

Input Timing 

Inputs are strobed into the device once per program cycle, as 
3 hown In Fig. 10, whether they are exclusive Inputs or 

multiplexed. 

Output Timing 

If a pin is dedicated to the output function, then the logic level 
remains constant throughout the program and is updated at the 
end of each cycle as shown in Fig. 10. 

In a multlplaxed I/O the output data>s present for two dock 
cycles at the end of each program cycle, the I/O control providing 
g strobe so the data can be stored in an external device (on the 
negative edge). 

Modes of Operation 

1. If the SBA Is required to cycle continuously the GO input will 
bo true In this case there will be one clock cycle between I/O 
control disappearing and the SPA strobing the inputs. This Is the 
more common mode of operation. 

2. If GO is not present after the I/O control goes high, tne 
HALTED output will appear and the SBA will stop. When GO 
becomes true, HALTED will be removad and the SBA will 
continue by latching anew set of inputs. Although this mode can 
ba useful it is usually better to put the control into the program 
itself and run continuously. 

Cycle Times 

Since ail instructions have been arranged to take tne same tima, 
the total time taken fo' a complete program cycle is the time for 1 
clock cycle multiplied by the total number of instructions in the 


program (including RESTART) plus 8 (for the end of cycle 
sequence). If the cycle Is stopped by removing GO, the time can 
be up to 1 clock cycle lesa. Thus the maximum possible cycle 
time is; 

Clock period x (1023 ♦ 6) « 1.28625ms at SODKHz 
= iQ.29ms at lOOKHz 

In general wo nave 1 

no. of instructions t6 _ . .. 


clock frequency In KHz 


= program cycle time in ms 


C. BASIC PROGRAMMING 

Tne internal operation of the SBA isof no concern to the user, the 
device simply being thought of as a variable array of logic. It car, 
be treated as abstract logic or as the logic family most familiar to 
the engineer, although apeed and response time must be 
considered separately as It is somewhat unique in the SBA 
The logic representing the function to be performed by tne SBA 
is described by a set of Boolean Equations. These can be of any 
length and are composed of the four logical functions, AND, OR. 
EXCLUSIVE OR and COMPARE, together with invertor negate 
and as many levels of brackets as are reouirsd. Rules and 
restrictions ere minimal. 

Stored States — Basic Storage 

The Stored States can be used to store the state of some input or 
logical combinations from one program cycle to the next. For 
example, if ft were required to produce an output whenever an 
input changed state, the value of the input must be stored and 
compared with the new Input in the next cycle. The equations 
might be: 

output = Input * atom; (where ’ represents exclusive OR) 
store = input: 

Thus, when the Input is different *rom the stored value, i.e. the 
state of the Input last time, the output is produced, 
ft should be noted here that because ol the sequential nature ot 
the SBA the equations are performed one at a time. So the 'store' 
equation must ccme after the 'output' equation otherwise the 


OEOICATED OUTPUT UPDATED 


MULTiaexeo output data valid 



USING -GO' AND 'HALTED 


| INS7N | 


Fig. 10 










store would contain the same value as the input of the current 
program cycle. 

The Stored States can also be considered in groups for storing 
numbers, machine states, etc., and also for counters and 
sequence generators Again the equations can either be 
generated purely logically from a truth table of the required 
seauence or by considering an appropriate hardwre solution. 
Stored State — Temporary Storage 
Stored Stales do not necessarily have to be used as stores from 
one cycle to the next. It is often convenient to use these as 
temporary stores within a program cycle. A tyolcal example is 
when a calculated value is to be used In several equations. Rather 
than calculate the value each time, it can be calculated once and 
stored and then read directly from the store as required. Such 
‘temporary stores' may be updated as many times as required In a 
program cycle and It is often convenient to reserve a couple of 
stored states on each pageforthis purpose. An example might be 
the Stored State ‘temp' being used as a reset for a store and then 
later as an enable for an output, 
temp «reset logic; 
store A = (store A loglc).-temp; 
store B = {store B logic).-temp: 
etc., then later in the program 
temp = enable logic; 
output A = (output A loglc).temp; 
output B * (output B iogio).temp: 
etc. 

If the SEA compiler is used, the name for the temporary store 
must be the same (as 'temp' above) to define the same bit and it 
can be seen that there might be contusion in knowing the 
function of the store in a particular part of the program. The 
problem can be solved by knowing that SBACOMP only takes the 
first 4 characters of the name. So as long as these remain 
constant, tha same bit of storage will be used and the name can 
be extended to indicate the current use ofthatparticuiarstore.in 
the above example the names could have been ‘ternpreset 1 and 
‘tempeneble'. 

Order of Equations 

The most important rule In SBA programming has already been 
mentioned and that Is the order of the equations. While the timing 
as seen external to the device is clearly defined, it must always be 
remembered that the equations within a program cycle are 
performed in sequence and care must be taken to ensure that 
stores are updated at the right time. 

The first example illustrates the overall construction of a program 
and is demonstrated by considering the store defining the 
current state of the machine. The state will be output to the 
system being controlled and the inputs read back from the 
system These, together with the present state, will define the 
next state to be output to the system. When the state number is 
used in 'ia SBA equations, the position of that equation in 
relation to the equations updating the state will obviously define 
which state is being referred to. The State number before 
updating will refer to the state output to the system last time and 
will therefore ba associated with the current inputs since those 
are a direct result of that state. The state number after updating 
will refer to the next state and will be used in determining the 
outputs 

Another Important time to watch the updating of stores is wnen 
using such things as counters, A 3 bit binary counter stepped by 
‘step’ might be written: 

A = A*step; 

B = B* (step. A); 

C = C*(step.A.B); 

where the least significant bit changes whenever 'step' is true and 
the subsequent bits only when all previous bits are true AND 
‘step' is true. It can be seen that the equations cannot be written 
as shown because the values on the right hand side refer to the 
present value of the counter and those on the left hand side the 


next value. After the first equation, A has been updated and so in 
the next equation the wrong value will be read. (Note that a 
hardware solution would update all bits in parallel.) In thle case 
the stack can be utilized to advantage by storing the new values 
ag they are calculated and only when ell bits are completed are 
the stored states updated from the stack. The example would 
actually be written; 
stak = A‘stap; 
stak = B*(step.A); 
stak = C*(step.A.B); 

C = save. 

B = save; 

A = save, 

Equations 3 and 4 can be combined but, if written like this f 0 r 
clarity, they wilt, in fact, be combined by the compiler. 

The Pages of Stored States 

The order of equations and the variables within the equations can 
also be important (as far as economy of Instructions are 
concerned) when the different pages of Stored States are used. 
Equations using variables from more than one page can, in 
extreme circumstances, use more page change instructions than 
actual processing! 

For this reason, those bits commonly used together (e.g. 
counters) should be grouped onaslngle page. It Is better to leave 
a page partly unused in order to do this Thus fourl5 bit counters 
would certainly be better put one counter per page with the odd 
associated bits (like resets) kept on their respective pages, rather 
than squeezing onto two pages and having to put resets etc., on a 
different page. 

If possible, processing should be performed in the order of 
pages. Thus page 1 processing would be done first, then page 2 
and so on to evoid unnecessary page changes. It is easiest to 
write the program first and then allocate the stores to pages to gat 
the flow right. Data transferring from one page to another can 
often be stacked first as demonstrated in the following. 

Bits on page 1 labelled 1 A, IB, 1C to be moved to page 2, bits 
lebelled 2A, 2B, 2C, and If written: 

2A - 1 A; 

2B - 1B, 

2C = 1C; 

will use 11 instructions while; 
stak = 1A: 
stak = IB; 
stak = 1 C, 

2C = save; 

2B - save; 

2A = save; 

uses only 9. If the pages were 1 and 4, the number of instructions 
would be 17 and 11, if moving page 3 to page 2 we would have 14 
against 10. Obsessive page instruction saving is, however, not 
usuelly required and Is only important when using the ROM to its 
maximum capacity. It is generally best to write the equations 
initially using the simple basic rules and to resort to more clever 
reduction techniques if the ROM is filled. 

D. PROGRAMMING EXAMPLES 
Combinational Logic 

Little needs to be said here since any boolean equations is valid 
and can include AND, OR, EXOR, COMPARE and INVERT 
operators and as many variables end brackets as are required. 
For greatest economy of Instructions tne equation should be 
minimized as far as possible, using EXOR and COMP if 
appropriate, and in general sums of minterms a re most efficient. 
If required, even further reductions can be made by considering 
the instruction set. Inversion of single terms costs nothing, while 
inversions of multiple terms costs one instruction. The AND 
operator with a single term Is implicit with the reading function, 
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while all other operators and the AND witha multiple term fll1 cost 
an extra instruction 

A good rule is to use as few OR, EXOR and COMP operators as 
possible (also AND and INVERT outside brackets) The 
difference in the number ol Instructions taken by two versions of 
(he same equations is approximately the difference In the 
numbers of these 'bad' operators (shown underlined) 
Examples: 

(e) -A.-B ± -C.-D r-E.-F Instead of (A 2 B).(C ± D).(E i F) 
saves 3 (2 versus 5) 

(b) -(-A.-B.-C.-D) instead of AT B 2 C i D saves 2 


Latches 

The straightforwaro storing, temporarily or otherwise, of input 
data or logical combinetions has been discussed and needs no 
(urthar comment. 

However, It is often required tnai a piece of data be latched into a 
store, and in hardware solutions devices such as S-R, J-K and D 
type iatches are available for this function The stored slates in 
the SBA together with a bit of logic can be made to act as latches, 
the type being limited only by the imagination. A few examples 
are as follows' 

(a) Simple S-R latch that is set by the variable ‘set’ and reset by 
‘reset’: Q = set * Q.-roset 

(b) In (a) the ’set’ will override if both inputs appear together, if 
reset 1 Is to override Q = (set -r Q).-reset 

(c) Clocked latches have greater variety, a simple D type 
being: Q * data.clock ▼ -clock.Q 

(d) A clocked set - reset: 

Q = (set.clock) ♦ Q.-(reset.clock) 

(e) Clocked set, asynchronous reset, set override. 

Q = (set.clock) * Q.-reset 

(f) Clocked set, asynchronous overriding reset: 

0 = ((set.clock) * G).-reset 

(g) Full J-K latches 

Q = J.clock.-Q * G.-(K.clock) 

It is usually best to design the latch to fit the particuler 
requirement since, in general, tha more features required the 
more Instructions are needed. If alatcn is required to change on a 
particular edge of a clock, another store is required and we have, 
for example: 

clock = inclock.-storaclock. 
storeclock »inclock; 

to detect the 0-1 transition. Eithpr or both edges can be detected 
in th Is way It can be noted here that once an input clock h as been 
monitored tor a transition then anything in the whole of that 
program cycle can be clocked by the same edge. 


Counters and Sequence Generators 

There are several ways in which counters can be programmed, 
but a good general ourpose method is described here. 

The counter will have an input to tell It when to count and let this 
be called COUNT. 

Consider each bit of the counter in turn, from the least to most 
significant bits, and determine the conditionsthatrequirethatblt 
to change. This condition, ANDed with COUNT, can be made to 
change tne bit using the exclusive OR instruction. So for tne Rth 
bit, if the change condition is CP we have' 

R = R*(COUNT.CR); 

Care must, of course, be taken to ensure that bits are not used 
after they have been uDdated, They can be stored conveniently 


on the stack. In a binary counter each bit changes when all bite of 
lower significance are true, and we have, for a 4 bit counter as an 
example, 
stak = ACCOUNT; 
stak = B "(COUNT. A); 
stak 3 C*(COUNT.A.B), 
stack = D*(COUNT.A.B.C): 

D = save: 

C = save; 

B = save: 

= save; 

If the counter is to srep each prog ram cycle (for a switch scanner 
or a counter using the cycle for its timing, for example), COUNT 
can be removed and the first equation changed to stak = -A; 

The binary case is very regular and an alternative approach, 
which is more economical for large (over 4 bits) counters, uses 
temporary stores to build up the change conditions 
progressively- 
Tt = COUNT.A 
A = A*COUNT 
T2 = T1.B 
B = B*T1 
Ti = T2.C 
C = C*T2 
T2 = T1.D 
0 = D"T1 
etc. 

Note that this time stacking nas been avoided since the cnange 
condition is built up progressively. It can also oe seen that only 
two temporary stores are required. 

The technique is further illustrated by considering the following 
•random' sequence: 

State DCBA 

1 0000 

2 0111 

3 1110 

4 0001 

5 1011 

6 0011 

7 0100 

8 1001 

9 0000 ; 

Examining each bit we see that: 

A changes after states 1. 2, 3. 6, 7, 8 
B changes after states 1, 3,4, 6 
C changes after states 1, 3, 6, 7 
D changes after states 2. 3. 4, 5. 7, 8 
Assuming tne non-valid states cannot occur, and using standard 
reduction techniques, the change conditions reduce to: 

CA = -A + B -D - -B.D 
CB = -C.-D * C.D 
CC * -A * B.-C.-D 
CD =C tD ♦ A -B 

Now Including STEP, and reducing still furtner for IheSBA using 
exclusive OR{‘) and compare (#}, we have ’Inally 
stak * A * STEP.(-A * (B*D)), 
stak - B * STEP.(C#D), 
stak * C * STEP. (-A * B.-C-O). 
stak E D* STEP (C - D ▼ A.-B): 

D = save, 

C = save: 

B = save, 

A = save; 

And, for completeness, the carry output is given by A.-B -C.D, 
reducing to 
COUT = -B.D; 

which should go at the beginning, before the states are updated. 
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16-Bit Single-Chip Microprocessor 

FEATURES 

« fl program sccosnlblo 16-bit Qeneral surpass registers 
« ft/ basic Instructions 

* 4 addressing modes: immediate, direct, indirect, relative 
w Conditional branching on status word and 16 external 

conditions 

» Unlimited interrupt nesting and priority resolution 
o 16 -blt 2 ‘s complement arithmetic & logic 
a Status word: carry, overflow, sign, zero 
» Direct memory access (DMA) tor high speed data transfer 
« 64k memory using single address 
« TTl. compatible/simple bus structure 

* 600no cycle time 3.3 MHz 2-phase clock 


■DESCRIPTION 

The CPi600 Microprocessor is a compatible member or the 
Series 1600 Microprocessor products family The CP1600 Is a 
complete, 10-elt, single chip, high speed MOS-LSi 
Microprocessor, The Series 1300 family Is fabricated with 
General instrument’s N-Channal lon-<mplanl GIANT II process, 
insuring high performance wUh proven reliability and production 
History All members of the Series 1600 family, including 
Programmable Interface Controllers, Read Only Memories, anci 
Random Access Read/Wrlto Memories arc fully compatible with 
the CPi600, 

Tne CP1600 Microprocessor nas been designee for high speed 
data processing and real time applications, Using a 3.3MHz two 
phase clock, the CPI600 completes a microcycle in 660 
nanoseconds Typical applications includeorogrammable 
calculator systems,peripheral controllers, process controllers, 
intelligent terminals and instruments, data acquisition and digital 
communications processors, numerical control systems and 
many general purpose mire-computer applications. The 
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Microprocessor can readily support a variety of peripheral 
equipment such as TTY, CRT display, tape rsader/punch, A/D Si 
D/A converter, keyboard, cassette tap©, floppy disk, and R§* 
232C data communication lines 

The CPI600 utilizes third generation minicomputer architecture 
with eight general purpose registers to achieve a versatile, 
sophisticated microcomputer system The 1 6-bit word enables 
last and efficient processing of alpha numeric or byte oriented 
data Tho 16 -bit address capability permits access to 65,536 
words In any combination of program memory, data memory, or 
peripheral devices This single address apace concept, 
combined with a powerful Instruction set and 
microprogrammable Peripheral Interface devices, provides an 
efficient solution to'microcomputer and many minicomputer- 
based product requirements. 
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BUS CONTROL SIGNALS 


PROCESSOR signals 
PATA bus 

Hout/Ouifjuu'Hlsn impedance 

P n Hi- is-bit bidirectional hus used to transfer dma, 
"SJ1* and instructions between the micro,.,oeMsor. 

memory and peripheral devices 

processor CONTROLS 

STP3T 

SlsTwt ■» "*•"* mmaK uwfl “ C °"~ 

, 10l , ne running condition O’ the microprocessor. 

halt 

the- tr>* microprocessor b in n stopped mode. 

MSYNC 

Master SYNC" Active low incut synchronies the microprocessor 

to tins *1, tit clocks during cower-up irtiilalization 
ESCSO-3 

b£w Switch Condition Addresses M: Adoresstor tins *1-16 
external digital state tests vie the BEXT (Branch on Eternal! 
instruction 

EBC! 

External Brancn Condition input Rotum signal from trie one- 
of-16 sanction made by £BCA 0-3 



BDSR, BC1, DCS 

MmxMt bus controls 1, 2: Bus control signaiE extemrdiy 
decoded id deline the state o< bus operations (see State flow 
Diagram), 

ousno' 

Input 

BUSAK* 

eUSReOuesi, BUS AoKnowledg* BUSRQ* requoatoNj’jjcro* 
processor to relinquish control oi the bus lndotir.i,ely. t3U ->AK 
-riltjims dftviCGis that the bus has been reteasod 
BCIRDY 

Bus*Data ReaDY: causes the microprocessor to ’wail" ana re- 
syrichronizo to slo w memory and peripheral devices 

INTeRuToNTeFlupt Maw requasl th. MW>MW » 
sarwenen interrupt mbh completion ot current instruction. 

TCI 

Te'mnato Current Interrupt' pulse outputted oy the micro- 
processor m response to the TCI instruction, 

PC IT 

FwamCountii' mhlbltfTraptAsanmpal.iiiliimtslricremerita- 
tcn”ct the Program Counter during the instruction retch se¬ 
quence As an output, generates a pulse during execution of d 
Software INteurupt (SIN) Instruction 
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BUS TIMING DIAGRAM 
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UMPURED STAVE FLOW DIAGRAM 




IHIYI«UZ«TK)N 

teswfNCt 


ADDRESS 

SMVEHCf 
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SUS CONTROL SIGNALS 


001 R 

BC1 

BC2 

Signal 

Decoded Function 

0 

0 

0 

NACT 

No ACTion, C0-D15 = high impadanco 




IA8 

Interrupt Address to Bus, DQ-DI5 - Input 

0 

1 

1 

ADAR 

DTB 

Address Data to Address Register, DO-Gio = high impaderico 

Data to Bus, DCI-D15 = input 


0 

0 

BAR 

Sue !o Address Register 

1 

D 

1 

DW3 

Data Write Strop© 



0 

DW 

Dala Write 


1 

1 

INTAK 

INTerrupt AcKnowledfj© 


INSTRUCTION SET SUMMARY 




Mnemonics 

Operation 

Mtcrocyclea 

Otr. in dr. Imm. Stack 

Commeniti 

8 

a 

ADD 

ADD 

10 

3 


11 




SUB 

SUBtrsct 

10 

8 

8 

11 


is a 


CMP 

CoMPere 

10 

8 

0 

11 

Result not savea 



AND 

logical AND 

10 

9 

0 

11 


75 a 


XOR 

exclusive OR 

10 

8 

8 

11 


5 ~ 


MVO 

MoV© In 

10 

8 

6 

11 


UJ 


MVI 

MoV© in 

10 

3 

8 

>L 




ADDR 

ADD contents of Register;; 



Add on* cycle 



SUBR 

SUBbact contents of Registers 


6 

if Register 6 or 7, except*. 


« is 

CM PR 

CoMPar© flnglstors by aubtr. 


5 

Result not saved 


■% ? 

AN DR 

logical AND Registers 





® EC 

XORR 

exclusive OR Registers- 






MOVR 

MOVe Register 


5 




CLRR 

CLeaR Register 


0 

XORR with itself 

# 


TSTR 

TeST Register 


5 


sT 


JR 

Jump lo addross iri Register 


V 

PC—(RRR) 



INCf! 

INCroment Register 


5 




DEC Ft 

DECroment Register 


5 


c 


com 

COMplement Register 



One's Complement 

•j} 


NEGR 

NEGate Register 


) 

Two's Complement 

Q 

0 ) 

AD OR 

ADd Carry Bit to Register 




5> 

o> 

QSWD 

Get Status WorD 


5 


b: 


NOP 

No OPorsilan 


5 

Two Words 

$ 


SIN 

Software iNtetrupt 


} 

Pulse to PCI! pm 

% 


RSWD 

Return Status WorD 





PULR 

PULI from stack to Register 

i1‘ 

FULR=MVI @ flo 



PSHR 

PuSH Register to stack 


9* 

P8HFNMV.0 <5? R6 



$U 

Shift Logical Loft 






«* 

RLC 

Rotate Left thru Carry 

<3 


one or two position 


JC 

SLLC 

Shift Logical Loft thru Carry 


1 


shift capability, Add 



SLR 

Shift Logical Right 

6 


two cycles for 2 -dobUioii 


« 

SAP. 

Shift Arithmetic Right 

6 


shift 



RRC 

Rotate Right thru Carry 


■ 





SARC 

Shift Arithmetic Right thru Carry 







SWAP 

SWAP 3-bit bytes 



2-position-SWAP twice 



HLT 

HaLT 





a 

SDBD 

Set Double Byte Data 

4 

Must precede external leloi'ance 


O 

EIS 

Enable Interrupt System 

4 


to double byte data 


73 

CIS 

Disable interrupt System 

4 



o 

d 

TCI 

Terminate Current Interrupt 




-Not interruptible 



CLRG 

CleaR Carry to zero 

4 





SETC 

SET Carry to one 

4 

J 



w 

J 

Jump 

12 




JF 

Jump, Enable, interrupt 

12 




JD 

Jump, Disable interrupt 

12 



2 

JSR 

Jump, Save Return 

12 

“1 Return Address 


ts 

JSRE 

Jump, Save Return & Enable 



| saved in R4.5 or 6 



JSRD 

Jump, Save Return 6 Disable Interrupt 

_ 12 _ 

J 



B 

unconditional Branch 



Displacernsnt in PCT1 



BC.BLGE 

Branch on Carry, C»-1 



PC*"PC±Dlsplacerr,ent 



BNC, BUT 

Branch on No Carry, C«0 



Add 2 cycles If lust condition 


s 

BOV 

Branch on overflow, OV~1 



is true. 


1 

BNOV 

Branch on No Overflow, OV«Q 




2 

BPl. 

Branch on Plus, S«0 

7 


« 

BMI 

Branch on Minus, S-i 

7 




BZE.BEQ 

Branch on ZGro or EQual 



Z«1 



BNZE, 







BNEO 

Branch if NotZEro or Not EQual 



z«'Q 



BIT 

Branch if Loss Than 



svov-i 



BGE 

Branch If Greater than or Equal 



svov^o 


o 

BLE 

Branch if Loss than or Equal 



ZV(SVOVJa1 


g 

BGT 

Branch if Greater Than 



ZV(SVOV)-0 


g 

BUSC 

Branch If Sign Carry 



CVSH 



BESC 

Branch if Sign “Carry 

7 

CVS- 0 



BEX1 

Branch if External condition is True 



4 LSB of Instruction are decoded to select 







1 of 16 external conditions. 


i PrfICROCYCLE ~ 2 CLOCK CYCLES 
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Input/Output Buffer 

FEATURES 

« Single 16-Bit Pori or Dual 0-Bit Ports lor 
Bidirectional Input/Oolput 
u Parity Chock Logic on Both Ports 
b Three Levels of Priority Interrupt Logit- 
n ‘Real Tima' Presetabie 16-Bit Timer 
(» Capability to Monitor Peripheral Error Status 
b Three Interrupt Vectors for Error, t/O and Timer 
» Automatic Handshake Logic and Signals 
b Control Register 
« TTL Compatible 


DESCRIPTION 

The IOB108D is a byle oriented programmable InpUl/output 
Duffer which provides comprehensive interfacing facilities for the 
CP1600 microprocessor with a minimum of additional 
components, fhe circuit is fabricated in General instrument N- 
Channof Jon Implant GIANT H procsss insuring high 
performance with proven reliability and production history 
Tna IGBI6S0 enables efficient interfacing between a peripheral 
and the CP1600 by the use of six fl-bit registers and a i6-blt 
programmable timer. Two of the 6-bii registers are a buffer store 
between trie CPl600and the bidirectional I/O linos to peripheral, 
latching any data sent to (hum from the C® *600. Three other 9- 
bit registers hold the Interrupt vector Addresses associated with 
l/Q, Error Status and the Timer The Control Register governs the 
operation and characteristlca of the 1001660 and provides a for timing peripheral activities These registers are initialised 

convenient meana ter the CPI600 to monitor I/O status after power clear by the CPI600 program writing the* required 

lnformtion The is-bit timer gives the 1031680 a real time interrupt vector addresses into the appropriate registers. The 

capability which is suitable for confirming system security and Interrupt vectors may »(so be altered at sny time by program, 
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jOeiflM/G ;p1W0 SIGNALS 


00-07 .» urred ,0 

RATA 0-7: The “ j ° ' , n)orma tian hotworn! WO *«M» 1600 
„ 8 bBM>ltdala am) ^ IOE1SB0. 1W correspond to the 
MleroprocMStirb » Microprocessor's Mo 60 s T*K 

lowsrB-bitsolms Sjo.'. b ' |rlQ 1,1 the high impedance 

bora lines have “SrSodou o' stains Information 1 kh» 
the'6001660 unde 1 ’control ot the control bus signals BDIR- BCO- 
nrid ElC2. 

But Control Signals 

BPkfl, BCi. BC2 <J n ^ ,s) . d 2 . Bug contf oi 8 igr.a*s from the 

S==S;=::r=:-ir: 

operation 

interrupt service routine. 

IMTB0 - lOutpu') , . , oglo v by 

INTarrupt RoQueol Tn,so P 1M 1600 Mlcrc- 

l 0 B 1 ^ r “rS^S^ ; U.= aP ebl« ! ls 1 n*m ! , 1 . 6 r„A 
processor. 1 maii*-" r fha dram feature 

with an output voKag# 0.57 J wired ORed 

tn? INTRO* output Of several 10016809 C-n 

together 

f*iVi n This CM* 08 lir.es when the bus comroi eigmlsi BD1B 

ECUhd M2» end . ,»d In M 

decode signals II Is also used to 'nemment Wo "an 

Cftlp^EnsblV Tnislowlrueaddress input enables thalOBi680for 

data read end write operations. 

IMSKI/MSKO [tirpul/Ourput) 

have highest priority must be connected to GND 

[081680 PERIPHERAL SIGNALS 

Data 

externally. 

Peripheral Control Signals: 

^SSssssssasss^ 

M X>pS a r moice.es 1W peripheral «**» » 
requested by ti« CP1600 

Inir BPOUOSI this inpuj ,r™ e ' n h * 0 ^™M d "w «S 


into,r dpi m* In bit ol Wo control register 

disabled the Tardy hit o' tM control register CM be used 

•polling’ handshake routines. 

ERROR' The errw status ot the peripheral lo indicated bv this 
Sulibeing low Indicating an error condition, e.g Hue low 
PCLtt’ (Input) 

Powerr CUaR. initializes registers 

INTERNAL CONTROL SIGNALS 

SSSttr - be wrllHri and «,t unde' program 

control The ttmetlon of W> mdiwdoiil bib. M 

Bit7—.Parity SWu.tor **%*?*%£, Dsl9blls „ 

a -v Indicates odd. 

^K,r^^S^,de,»teol 

Peripheral Data. 

BH 5—Timer Clock Enable 0 CO 4 

SSSS-SsS”--- 

E=SS"r?==== 

logic 

INTflQ* output ss a result o> .-eri r -n=.iai 
Error status conditions. 

”=“sSSr5==."-- 
ssrjsss.-"ss'.;—— 

bit wide data word. 

?»' VrRQR RTATUsljfthe peripheral „ indicated by .hie boot 
The ERRO w . Iaai£ . -o- shows an error condition 

set to a T 

liSSEiiilSl 

s S"S=S=H 

*—«* 

peripheral activity. 
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Maximum Hoitngs” 

v UD and Vcc and all other incut/output voltages 

with respect to GND... .-0.3V to -18V 

Storage*Temperature .•5U"Cto*V:Q , C 'Exceeding these ratings could cause 

Operating temperature . ... . . , r ..0 a Cto-*70*O P orrnar> on t damage Functional oparatlon of 

th;s daviee at these conditions Is not 

Standard Conditions {unless otherwise noted) 'mpliod—operating ranges are specified 

ho lo w 

Ail voltages referenced to GHO 
Vp[i +l?V t 6 % 

V CC "*5V '5% 

Operating Temperature <T A ) •• 0°C to 


Charactcrlatfc j 

1 Symbol 

Mk 

Typ** 

Mux 

Unit 

Condition 

DC CHARACTEfUftTICS 

Clock input’ High 

Vino 

2.4 

— 

V[!D 

V 


Low 

v 

0 

— 

5 

V 


Logic inputs: High 

^ih 

2.4 

- 

Vcc 

V 


Low 

V:, 

D j 

— 


V 


Logic Outputs High 

vf 0h 

2.4 

v cc 

— 

1 V 

l oh ^ iOO;jA 

Low 

v t . 


- 


V 

l,., ~ 1.6rnA 

AC CHARACTERISTICS 

Clock fr.pwte 







CK1* Oock period 

Vo 

0.4 | 


4.0 

uS 


Clock width 

tel 

70 ! 

- 


nS 


Rise & Full times 

tcr.tof | 

! - | 

- 

!0 

nS 


CAPACITANCE (T*-25*C, 

Vdo-"13V. ! 

V cc - ‘CV| 







Input Capacitance D0-D7 

Clrq 

- 

6 

12 

PF 

=• OV 

Ail outers 



5 

1 10 

! CF 

V, n = OV 

Output Capacitance: 



e 

1 !i 

pF 

, 


"’Typicai values arc at x 25 t C and nominal voltages. 



CIRCUIT DESCRIPTION Reglitlttr Address Description 

This circuit Is designed to provide all the data buffering and n Central Register 

control funchims required when interlacing the Series 1600 n . i Date Register Low Order B-hits 

Microprocessor System to a simple peripheral device Data is n * ;> Data Rciglster High Order 8 -bits 

transferred to end from the peripheral on 16 bidirectional lines, w * 3 Timer Low Order 8 -brb 

each «♦ which can bs considered to bo an input or output The n »<1 Timer High Order e-bilt 

transfer of information with the CPI (500 is accomplished via an 3- tg * 5 Penphers 1 Interrupt Address Vector 

bit highway, the 16-biti; being transferred as two B-bit bytes, the* N . fi Timer Interrupt Address Vector 

raflinter addresses are assigned CPtBOO memory locations, as fj 1 7 Error interrupt Address Vector 

toltows {N is an arbitrary storting address) 


iGA -10 

etie®(SPfi, -j 13 a natri a imas;. i^isj 3fcs«Rti«r»2^=^ u r n 



these two 8-bit registers are the butler store between the CPI 600 
»r»d the" peripheral interface These registers when adtrsaseo, 
i-tcM rMla from (ho CHI60CJ Mi biu ounnr, a Mo™ on tMVOl 

fnScvim 10 11 ™ peoplwral "™» «< «*»» 

a w fiOCi Me re In (MVt) instruction, the data present on 
OUI ^So'ooripE a! hncs * transfer^ to the CPtaOO data 
11,0 have rot bean set to a T prior 10 lho Move t. 

0B “' l0 

?^"wo »«•*«"• "“'IfS'T 5 M ' ’ 

* rri Hah onw Sy » 19 heW ln N ‘ 

ID nEHi-y CbltiUef-TImer 

£» **« Mr ^WSaSKSSS 

9 IVC T?SfbtfweMI ,h “ CPIfflb ami the 1O316B0 lh» aour-lar 

lan t nflsoUfllwoB-liilbytaii.lhesa by ws having wo/Ufflddrasaas 

ITb »ri«7i v.» clock lor the lifhcr is th» Semis '600 
luivinrocessor Sy citato clock divided ny 8 The clock input to Urn 
l £2S[teSStod«i>«n the TimsrclOvkfinabli?’ bit of tK control 
S!e. S IJnoY' 1 *** when this nit Is ror.ul to a '0 _ 

EvWylima it to COUni .WCtlM ^ 

ivi;i unnerata e» interrupt request via the iNTF.U -ui.,jto 
iio'oeis&'il both IWhiiPBi | meiruillor.i» , ah<l 'tw«''‘Mj 

" DUS ol the ud'rttol register are -x>w set to a 1 The ctock 
?- ?h^er % Si enabled after this taterrupt request has beer 
^' ^ f ,4,Qlns 'so even alter it hss been serviced, assuming 
5Si mt Urvice routine d>d not cisaoie it by resetting the TCE bt 
rsithacontfcil req inter. AHa, requashngah ine-rupttlioiBlore iho 
couibm begins irorn a count o' 64K. gmng IBs lOBlffii a 
nme Clock capability 

me time' I'** 5 the !r;«ia?t priority on. tne 1 001830 daisy chain 1 he 

peripheral orror & jrnmarv has l:io highest priority 

When if® inner is scl unoer prosirom sonlrpi me 'erf Mii'ir 

in,.c ® nm «•» "3 »» nwwty £ 

riquesis from the timer The UUictWUgb <m l*w .* H» 
control register are unaffected 

It is noi possible to resc tho currant' state ol the it is 

coiidliria in 'real time' and therefore wyricmonously w»<h a, :V 
program r'lnning on theCPifiGO A lypstM ooeraBng sequence is 

1 t.oad two byles oi counter , 

; Sol timer intarrwt' nnable* and Timer count enaMa bits o 
Cnntvos Register 

li a- ritnrrubi is reauired omy once utter too preset ocHjn. the 
sefv cii routing wov'td rosol thft 'timer deck flnae'e hit ol the 
Co'.'-ral register disabling the ttaver dock ancl iraan upt capability _ 
u how6M the mtsrrup- was requ-rsu on b r ecjuler -<a>' timb 
bnsii then the service .ouhne wou«* leavn the time* mlarrupi 
finable end tirno’ nloriK enable bits set 
ij-Bil Iruorrupt Vector Address Registers 
The- atart address of the miemipl service "oulines lor the erroi 
clatus 1 . tlaripherai anb ll'bbr ar» bind in bbuse 

flNTRCIl aoiiormod iron IBs 'OB16W in Hum*** 

KfcS. S cMOOO. tb« subset!Ubnl IAB «" 

■-r.nipfit's ot the Appropnatfe interrupt 
^ onto the lowof S-blls of the 

OPMM ban bus rms bate ,s used aslno P'Ooram aounter siart 
adcioss of me intonupt service roulwie 7 

Thfi 'jjcirri addressesoI those registers are N - 5, N ♦esr.d n » 
Thq normpoiidt »«n oonpnornl. Iwoi end error lespuctivoly 

Poy/«*r Clear Status ol Circuit . , 

MM logic «MS IBS Initial oW»Of me «■» "f" 

Power Clear In this i;ondrt*on the 0( tr '° nnt.hif •’ 
are 

U) Sm©Iwm! » a logic '1 so that the peripheral injxJthxitput 
intrdace is high at a logic '1 thisallowstheperiphera- imos .o 
be used as moult wi’Toui any selling .<« procedure 

W n™« set 10 its maximum counl fon^h o> MK. all bits •« » 9 
lutlic '1 

lc) tilieirupt Vector Address Registers 

meat) ragislere have all moil bits rasntloa "0 bylhoboweron 
ruSBt lug'C 

HISn^Ready' tVs bit is sat to a logic 1 -ndicatirg tnat no 
activity is required by the oeviphorat 


fih Bit 1 - Error Summary Th^ea hara w.recl fnputlndiMtngthB 
status o-t me Beriptiara' and is unanected ity too PO wt -r ur 

I ill) 1051 Tata Width Select This bit is to a togie V. 

selecting toe data width ot tne interface to bo 8-bits 
(tvl Bit 2- - PenpheiHl Interrupt Enas ft 
Bit dl - Timer Interrupt Enab'e 

Both mis 3 and 4 are n»M to a ’O' at power on. dlsaol.r.u 
fnictrupu Irom the penptittial. and ttw 
IV) Bit 5 -Timer Clock Enab ! ‘>. During power uh Hus bit isreae. .u 
a logic ty disabling Ihe counts' clock 
fviiBit 6 ■ Parity Data 6-1 & 

Bit 7 - Parity Data 0-7 

pl-lh ivm bits wlli be at a iogi-: 'O' snowing ever, panty as U S 
data register oils are all set to a 1 tmumea no mpu's 
trc.iTi the peripheral: if thus is net eo. thwe J ,s Wl! 't! ' . 

U dvomllnq upon UK wue OR conMon o' l» b<"‘ 
regisletii and Ibo peripnorsi inputs 

Interrupt Logit* 

The inwrupt priority of thii peripheral orror status pv-nphe-^ 
iniSrfere id the iimei is oetahlistad by - ^ 
peripheral - '-o' status has ‘lie night* pnorliy tod the timer t ic 
In WOM 

coSneeteS « a <teS?ch5n wfng D thS aijSela MSKI iMSKO and 

MtFw“,r.cpen drain eraoUrtg w«re O.h capability T^ 
afiknowledgemont to tms reqwn J 
Series 1601 M-crop'ocsssor control bus- bech ^ 

tms signal wh en sots an acknowledge tup tlop ir ton mtortact. 

capability 

its iMSKi input at a legit: ‘O' and <ts acknowledge l>P 'cp * 1 -’ 

If two devices interrupt simultaneously :h ! y . w ''' 
>cknov/lW»«i by an IN r,»\K s.nca this .a decoded on eaito c.vp 
How eve' tne >MSKO output of ‘.he higher pi iordy device gmny.o 
n -1 will force the- IMSKI imu.t ol the lower prior ty witorruplins 
1, J o l “ The *M$KI input 0 f the tower priority aavk» bo Rft 
u - disable the lAB decode ol tha control bus thereby 
revolving strnultftoeous intersjpts 

me negative edge ol the t-d signet rwi Se«« mo 
Microprocessot resets the urterrupt logic o f to-«r Highestp iu.. ; y 
device whoso interrupt logic has been set by an interrupt request 
and acknowledged by an iwtak. 

Tne iMSKS/IMSKO daisy chair has a propagation delay which 
;Crm « m*mm o- eiqnl lOalOIOs 10 Bb Oa.iy Ml ■" 
series „ ^ ,u 

rhe IMSKI input to Hu n-gnest priority ctevico should oe 
connected *a Gnd 

Control Logic 

The Cr’tKO control U-s sicinnis BClR, BC 1 . BC7 are ceoc-tle j a) 
porfoirr tne internal control icnctions required 

Parity Logic 

Thownpwal'titerlaue iscoBSt.mliyinoriilomaanaihownlyol 

M0-) amib-15ebeexud napendhiaon iBop«u 
urOBls oitili and 7 ol the comm rByialsr aroupdatoo His-cb 4 
an te cor.vo u.nlly kmbsoI bt '™ Cl"® 15 '« ,,w ir 6rancn 
Instructions 

Branching cm Rarity 

( ji.« 6 jntf 7 of *ne IOB1680 Control registo- coniw ™ \ 

msti tictiofi? o' the CPI SCO lo be conveniently 
example is 

MVt CTR1.RS fV.Fetch Control Rogistor 

nl_ c H 2.11 , b|U( P|IVB oad pa'HI 

2S r Brorch ,1 lower era 111 BUS Sr, vs MO) ..an y 

nSS grand) il highar o ghr bill Ban? odd parny 

PNOV grand) U higbbf «-ghl bits •** «»" 



lOA-'.l 













Tfttt 1081680 aa an Output Device 

Enablt'/Rettdy* output to go , i, , £***. ““ 
activity from the pgrlprenl Tula pom, dww^, Z 
dialers the igBiews ability to request aTmtemip ' „t 
status c,t tile peripheral l)y rosetilna the Perniw.M i' n ‘ 
Euablq fciiof thoControl Register tou'iy ! " la,w 

A How onan la, „ cypiol output operation is shown liw 

trrrcr * *» ~«s 

Thi: ; mo in program sf»f| ( n 3 lJ£l - rfi .... . 

tit rough « 

’• rn “ "“O’ “ « tw Cor,trot Hu-Bisror would ,» tesM 
6 •' so Initially aft e , 3(nvslr ctaar . ■* oul ‘ 

2 ' i0n <J! * tow • w.memo,,location char o< tm 

f, T“ * "« ® «• number or output 0 p,?,to" 

Hired 7 his is shown as ‘SET OMAR n 
■r mat data „om Or "600 IP- ,037880 usir g MTO .-mint 

UP opera Hop by the peripheral device rpi s | S sh „ w j, ^ J: 
tlw waveform diagram 1 lf 

*■ my*** ,nu '"™P‘ enattte (PIE, ini 01 the Comra 
te*"'!™**” ? ’■ <* Ptdti rammer allow g he 
.031680 10 wgWM Interrupts the CPtSOh v,“ (h,. 

o nr P h ento,in « ,he <w«l«IH>fsonams tr,data 

^tS'"*** m " ,KttelWto ',r>'«r^»« 

5 s:srss?sr; te 

=»s:ra 

generated via the INTRO’ ootprt. if nr, h h3 ,mity 

SEE." "^.ruptrna. He!sr , 0 c |n t » 

"»"*! w h ,,lch rassI V he WHO- output ,o „ inSSfr 
,ne subsequent «Ab signal causes the Interrupt Vector 
u hlhut ^l P * Wl -“ K »o .Hobed onto th, 

detune and (he,, us „ d „ , he sta[ , E , idra5s ter*^ 

S«ing Slonce*™” '“*« '’** •» *««#» *. 

7 - grsur ro,mbw * “«« **■*««*. 

0 Tdst the resulting value n. 

<ai |he St! 5 ! < * era,to ™ oompleled. s*,, 

icBil 1 '•" 0,r,p< «"*«* ’"o 

(l>,rl! n Is not nero oulputtfio hex. osla »rhs IOB1330 rh,v 

E^Lr»V 2 6 a “’ d Pe ^»™' '“S 

activity auUdnationiiy ’ ,he “rioharal 

9. Tito Interrupt is IcrmirtatedbyTCI instruetihn whmh r„,-, 1 

the acknowledge flip „ 0 p ,n the lOBieaoSSSSgl? 


^ qitAoy S ^NO 


o-.rpin t.f.TA 
w.non srrfj 
flFAClV ■ I) 
PtPIPrtESAi. 
WAOIJ?- i 

-i::x::i: 


‘■•ESIWli'lAI INfKlJii.’ pT j 


I per-.'/VircAt 
ENnSLS .0 

"XI 


disable ! 

-m r— 


—«JL_ 

'Jpur next cw-1 


T ~_— , 


1 i_ i 

I L___~U— 

__ Fl0ly CHART TOR DATA OUTPUT 

EM-'81J —__/T 

-X—zpcrrr: 

-~ 0 - A-my_ r- 

"-4T "v_J/ \_ 

—v_ 
~ VH~—ir 

INltHKArCAU5LD 0>.?AWr4iiMTftloei&»' !■• , 

S ‘ ” r rt'rrmr ’ MK HEADVaNd'sE's i*!o cv 1 rrA* 

t Liri.it I’t.’-'HIJH, EhlosiF Cirii-tBrir... 

TIMING OMOAAM FOR Miro INSTRUCTION 
_(Data Frcm CP160O to )OBl 8 flo) 
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fits )OKi 6 Sf}«» aft Er.put Device- 

fno power clear status of ihe lOBUEO for Input is the same as tor 
output which Is described under tlva section 'The 1O61G80as an 
Output Device' 

A {low Chan for»typical Input operation and tne corresponding 
waveform diagram !$ shown to the right 
The main program ratling up the input operation wema probsaly 
oo through the following sequence 

V i 7 "est the HCdtdy Oit Of the Conlrol Register to ensure mat 
the perlphfl) al device is inactive. After power cimi this will 
be !ls condition, l.e. set to T 

j>. II condition (1) is true a CPieoo memory location will bo 
set to contain tno number of input operations required 
Another memory location wl.l te fiet hi thi? input bufftr 
start address. This is shown as "SET CHAR «. m, set 
SUFFER START ADDRESS' 

O. The Ready bh of the Control Regiaier should now be reset 
to a 'y by program This causes thti Peripheral 
Enable/Rsady' output to go to a * 1 ', ruqneaUng an 
operation fi-cm the penphw device On the waveform 
diagram, this is point A. 

ij. The Peripheral Interrupt Enable olt. PIE, of tne Control 
Register Is now set to a T uy program. Th s allows the 
1081660 to request interrupts from thr; CPI600 via the 
INTRO* output (see point B). Enabling the PIE bit after the 
R^ady Bit ensures that initially -io false interrupts era 
generated 

5. After the Ready bit has beer resst by program.. (3> above, 
hardware on tna IOB1600 monitors the Attention Request 
input. A *1* to 'O’ edge an this input causes the Ready bit to 
bn set to a T and the Peripheral Enable/Ready' output to 
go to a 'O’. The change m state of the outaut slops ihe 
peripheral operation. As both (he PIE bit and Ready bit of 
ihe Control Register are set an interrupt request will be 
generated via the INTRO* output if no higher charity 
device* ore interrupting. 

S When this interrupt i3 accepted by the CP1600 the 
acknowledge signal, INTAK. will reset the IMTRQ* output 
to its in active state. The subsequent IA 3 signal will cause 
(tie Interrupt Vector Address assocteiert with the 
pftrfpneral lo be strobed onto the data bus This address 
will bo used as the start aedress for the peripheral’s 
interrupt service routine. 

A typical service routine iftr the peripheral could bo; 

7. Tfjut va/ye of n. the number of input operations required 

(a) If It in zero all tho required Input operations have been 
completed. Reset the 15 IE bit of the Control Register to 
a 'O' to dlsablu the Interrupt capability of the 1061CS8Q 
and EXIT. 

(b) If riot zero increment the buffcraaora 2 S.?.f)fl decrement 

N. 

B. Move data from ths IO&168G and CP1600 by a MV1 
Instruction. This resets the Ready bit to (* 'O' and sets the 
Peripheral Enable/Roady 1 output to a 1‘ ^-enabling the 
peripheral. The handshake from the peripheral in 
response lo th s action is to return the Alton tier Request 
input high to a'T This timing, however, rs not too critical 
as the input edge triggers the Ready bit 

9. The interrupt is terminated by e TCI instruction which 
resets the acknowledge Hip flop In the !09tr,ftn 'ntertace 
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D AC 1600 


t 

' 
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Dual Digital to Analog Converter 

DESCRIPTION 

Ton DAC'i600 Digital to Analog Convertor has boen designed to 
ootve fits c powerful, yot economic interface foe process contra 1 
loop The DAC1600 provtees two io-blt Pules Width Modulated 
outputs and an array of switch inputs and light driver outputs 
Essentially the DAC1G00 contains four registers which can be 
loaded or read through a *0 bit I/O data port Fig. 1 shows the 
data base information In these registers. 

ANALOG OUTPUTS 

The value of the analog outputs SP and VO are determine 
respectively by the ton-bit numbers loaded in the Sot Point 
Register and the Valve Register. An output is a pulse train with a 
perlon of approximately 1 KHz (1 MH//'024) whose high/low ratio 
is inversely related to the 1C-bit value stored in the register. (Sue 
Fig 2) 

Tne nign/low ratio is unaffected by temperature and supply 
venations and is the basis o' tiia 10-bit D/A accuracy. The length 
of the high or low portions of rho outer? wilt never be in error by 
more than a fraction of an l,SB 

If me emp output {3P or VO) :s pasDeo through a low pass filter 
the result will be approximately equal to the desired analog 
voltage However. It will not be accurate because , while the 
output ratio is accurate, the chip's output voltage levels are not, 
and would thereby degrade Ihe accuracy of tiro signal Thechip s 
output should be used to drive a good switch which, in 
conjunction with a voltage reference and filtering will yjelci an 
analog voltage having 10-b't accuracy, 

VALVE REGISTER (Manual Mode) 

In addition to being a register, the Valve Register (B) Is also an 
UP/DOWN counter By setting Ml {Manual Interrupt) toe'i” a rtd 
either UP or DA' to e ‘‘I", the & register will be slowed up or down, 
This allows an operator to manually adjust the B register value 
Thfc design allows bumpless balanceless transfers between 
computer and manual Control, m order to provios both a precise 
degree of manual control and an ability to stew the B register 
through a substantial change, a variable slewing rale has boen 
Incorporated in the chip 


WN CONFIGURATION 
40 LEAD DUAL IN LINE 


BLOCK DIAGRAM 


SWiC li!_ **' 


MODE REGISTER 

The f’rsf five bits of Mode Register (A* may be used to store the 
medf) of control. Manual Interrupt is in bit i. Bits M2, M3, M4 and 
M5 can be read or loaded via the I/O bus o- set by inputs from 
three switch inputs CM1, CM2, or CM3. The condition of these 
bits encoded and output on light drivers MBl ar.d M82 The 
Mode Register may be deed to inform the operator of computer 
determined conditions cr inform the computer of operator 
actions. 

SWITCK/LAMP DRIVER REGISTER 

fno Switch/Lamp Driver Register contains throe light drivers 
which con be used tor panel alarm lights, it aiso stores six switch 
inputs 

ADDITIONAL ALARM FEATURE 

Light driver Mo outputs a 2 cps signal which can flash a ugnt to 
attract an operator’s attention 


-^ziV LL.Xf..L. 

S- S:D 

i —tefcJ—-1 

d i i 
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pllif FUNCTIONS 

- 101 -lCH 10 bit bidirectional data bus Date can pa loaded 
• gynchtoiiouisty or asynchronously Oat a are read onto 'he I/O 
J, s without strobing 

M(; Manual input line H forces the ch.o *nlo a manpe' mode of 

operation 

cs »; Chip select line. U is low active for Gychronousdata tiansfer. 
hign active to’’ asychrsnous data transfer 
tS : , optl | strobe line it 'oads one of mo four internal rowers 
Lined by Fa 1-3, when CS* is low It the chio « ,n tne manual 
mod® vift ML the ability to load one of the four register !>.'namely. 
ttie vai’/ii register, ia unconditionally inhibited fedec-vitrent of the 
CS* signal 

caI- 3; Function setecl lines. «Is used to specify one of life four 
fcglstora and whether an input or output function is to be 
performed so® Table* 1 ter definition 
CMI-S: Control mode 1 mss A oulse on one of these lines will 
alter the oil M3. M* or MS in the mode register. Sue Taoie 3 
ijpi, ONI. RD1: Up counting, down counting arid reversing lines. 
They ere used «o control the direction o' counting serially in the 


lu a register during the manual mode Overflow or underflow of 
the register te prevented by trite real ctrouHry See Table 4 for 
definition 

SD: DACioOQ ontid signal. It is used ir» conjunction with manual 
input line to form different manual mode outpuis See Tahle 5 
MO'. DAC16Q0 manual mod^ output. It oscillates around 2Hz 
whenever Ml ig low and SD is high See Table 5 
MBl, MB 2; Mom nit-imes They are used to indicate the slates ot 
a'ie mode regiatei See Table f> 

VO: Valve register output It is a 10 bit puteo width modulated 
waveform. Sec P'p 2 

gp; Set point register output. It i&a lObit puise 'Width modulated 

waveform. See Fig. 2 

CC: DAC1600 counter clock input 

SW1-SW6: They ire used by C^u as switch word. SW3 (RDi 11? 
also utiOd m reversing the direction of counting m valve register 
curing manual mode 
1,01-LD3: p enol wp driver out cute 


ICMU 1 tOW 

rax 


i/O Buffer 

V 

Register A (mode register) 

1 

Register B (valve register) 

VI0 

Register C (set potei register) 

SP10 

Register D 

(switch/lemp driver register) 

0 


10 -7 IO-i 10-5_10-1 


JW0* j SW5 ■ I SW4- 1 SW 3- 
Fig. 1 REGISTERS DATA BASE 


Valve Register 
or 

Sot Point Register 


SW2-I E>wr 


Value Register Gupta 


MM Rflglslr/r *•' *** Re 9 ls,er 0«M_ 

-~-- ASSUMING 1fFir<XOCk" " ^ 

1 1 1 o o 0 ---- - —■> — 4 L_ 

(L-SB) 7p S )-#--tai7 m*—-H 


■ '512(JS-*-1 


0 0 0 0 1 1 1 1 1 1 


, , , , _i L-{ 

-930 jjs -tw-1 6'4ps [•*— 

2 PULSE WfDTH MODULATED OUTPUT WAVEFORMS 


IDA-15 















10A.-I6 


Table % REGISTER AND FUNCTION SELECT 

rq-f- 

T~ii Operation Condition 


Table 3 MODE CONTROL 


3 2 1 M 5 i *4 _M 3 __ M 2 

p o 0 "1 0 

SL oioo 

.ill..„L.o— ljlJ|— - —-1— 



mi "cs* yp^ pm _5P_m 

Tr i TT o ol 



Ta[jle 4 MANUAL MODE FUNCTION CONTROL 

Opertlon __ 

No Op 
No Op 

I nor ‘B’ - iNCR/DECR speed is 

0CC| , -. B . ireauaney clock. Ttie c 

1 6Hz for 2 Set- 

Dec r ( 34 H 2 for 2 SCC 

mcr « B > 128Hz ttiensaftar \ 

Indy terminate 'W CS* remains low f< 

operation (per DPfDN)i 

Indeterminate 

No Op. 

As specified by PA -1 -3 
No Op __ 


Tabic 5 MANUAL MODE OUTPUT 



iNCR/DECR speed is controlled uy art internal variable 
Ireauaney clock. Ttie clocking rutas are as follows 
|6Hz for 2 Set- 
(J4H2 for 2 Sec 

128Hz ttiensaftar until UPi o< DN» are dnactivateo 
'K CS* remains low for longer men 10 paec normal 
operation (per UPfDN) will resume. 


mgmm&k 


Tybio 6 MODE REGISTER STATUS 


MS 

m 

M3 

V 

18 

M2 2 

1 

0 

0 

1 0 

1 0 

0 

0 

0 

i 1 

o 0 

1 

0 

1 

0 : 

0 1 

0 

1 

0 

L°_- 

0 !L.... 

1 
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MUX 1600 


18 Channel Analog Multiplexer 


a Connects 1 of 18 analog inputs to analog output pm 
a Address intch on-chip 
e 0 to 6 voft input range 
a Single + I2V supply 

® Analog output conbolten by chip select signal 


DESCRIPTION 

Ihe MUX l GOO js a binary ao'dreasea if) channel analog multi¬ 
plexer fabricated m General instrument's advanced N-charmel 
ion Implant process. Featuring on-chip address latches and 
separate address strobe and chip select signals, rhe MUX1&30 
operates from a .single -12 Volt supply. 


PIN CONFIGURATION 

2® LEAD DUAL lly LINE 


Ji> b A i‘ 0 toj Oulpy, 



electrical characteristics 

Maximum Ratings* 

V DD and a'l other input/output voltages 

With respect to GMD. 

StorageTemperature . 

Operating Tempfiraturu. 

Standard Conditions (unless otherwise noted) 
All voltages referenced to GND 
V D o « M2V ^ 5% 

Operating Temperate! a (Ta? - 0”C te v7f,°G 



•Exceeding thssa ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied—ooarating ranges are specified 
below. 


l<iput Load Currem (si' digital inputs 

Power Supply Current 

input Lew Vallate 

Input High Voltage 

Analog Input Voltage 

Channel on Re a l stance 

Channel leakage reach channel) 

Vpij Leakage 

Source to Orate Capacitance 
Analog Input Cap 
Analog Output Cap 
Digital input Cap 
Substrate Leakage 
18 Icl v tew * Is.. 


Symbol Min Tjrp Mi 

Its*) l(h ” ~ ~ 

low "" * 


*8L 

>,7 - 


V| N - ov to 6.2SV 
All digital inputs «- 6.25V 


V ft « OV to 6V 
V A - V 0U r •= 6V 

V DD " V OUT b 1 ?V 
I a 1 MHz 
I - 1 MHZ 
f = 1 MHz 
f = 1 MHz 
V 0 - V w “ 6V 
V 0 - V w - 0V 
























16-Bit Microcomputer System 



FEATURES 

« Quilt around the Genera) ■instrument's CP160O MOS N- 
Channel Microprocessor. 

* Omplm •nigi-ocompuier system to artabifc rapid prooram 

development. a 

* Separate Data, Address and Control Busts, 

* Up to t?5K memory space 
8 Unlimited DMA channels 

® Ne3lRd interrupt system with full priority resolution. 

B Includes-— MC-1600 MicrocomputerMociuls 
RM 1602 8i< RAM Memory Modulo 
1/01600 TTY High Speed Reader Punch 
Interface Module 

CC16Q0 Control Console (Operator's Front 
Psitiii) and Control Console Module 
CF10OC Card fits 
CA1 BOO tty/EIA Came Assembly 
CA1901 Reader/Punch Cable Assembly 
A full sat ol Software necessary to prepare and 
debug programs 


DESCRIPTION 



To simplify microprocessor hardware anti software develop¬ 
ment, speed the product design cycle, and support product 
prototyping, a microcomputer development system and its asso¬ 
ciated components area must, i he Series 1600 family fills these 
requirement with the GfMINI Microcomputer—u versatile, gen- 
oral purpose, stand alone computer system built with the Series 
1600 Semiconductor Components. 

TheGIMINf utilizes a totally modular design allowing the system 
designer maximum configurability. The system provides direct 
addressing lo 0SK words, unlimited DMA channels, and a rmmi- 
line/rrtultHewl nested interrupt system with lull priority resolu¬ 
tion ancj solf-Klemifylng addresses. All control and timing signals 
os well as data and address buses a re fully buffered and available 
for use In expanding memory or designing specialized I/O 
interfaces 

The Dasic hardware Includes a card cage, front panel, and four 
printed circuit boards' the MCI500 Microcomputer Module, tins 
RM 1602 0K<10 RAM Memory Module, the CdWOControf Cop* 
aolo and Control Console Module, and the 1/01600 TTY' 
EIA/Migh Speed Reader Punch Interface Modulo. Up to 9 
additional cards of any typo can bo added aa required. With the 
addition of ,> TTV and a high speed reador/purtch, the GIMIMi 
becomes a test bod for customer designed fnterfacesand related 
hardware as well as a fuU program preparation facility, its 
resident On-Line Debug Program allows testing of hardware a ml 
software directly on the system in real Urns' end also totally 
eliminates tee annoying ba&tatr.ap procedure. The On-Line 
Software Package provides the rioceiieary program preparation 
aids, auch a* the Assembler, Super Assembler, Text Editor, the 
ftoiocatlng/LInliing Loader and the Object Module Linker.' 

AM of the card tevei modules of the GIMIMI m available on an 
OEM basis for further system integration. 
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CFlibo 
15X1! SQ0 


GIMIN! Accessories 

FEATURES 
(;F16(iCl CARD FILE 

st 13-poslMoo 

a , p.c. backplane with wlrewrao capability 
« Rack-mountable 

* Cards ore keyed to connectors 

« 10.6" high x 19.0" wide x 12.0" deop 

EX16N EXTENDER CARD 
& For use wild all GIM1NI cards 
o Two 70-pin connectors 
WtflGOO WIREWRAP CARD 

* 12616-pln positions 

■ Power and ground planes provided 

■ to Test points on edge of card 

p$1600/PS1601 POWER SUPPLIES 
a Provides bH required voltages for the GIMINI Microcomputer 
System. 

» PS 1600 (n i5V, 60Hz): rSV at 12A. +12V oi 2A; -12 V at 2A 
capability. 

O PS 1601 (200/250V, SOHz); +5 Dt 15A; <12 at 2A; -12V 
at 2A capability. 

» 1V;i line anti load regulation 
“ Remote sensing capability. 

GAWK TTY/EIA CABLE ASSEMBLY 
a o-li. cable /or connecting 1/01600 Interface Mo a Lite to TTY or 
El A compatible device. 

CAtfiO'l READER PUNCH CABLE ASSEMBLY 

* (ML Gable for connecting 1/01600 Interface Module with 
high speed reader-punch. 

C.M802 6P1M0 MODULE CABLE ASSEMBLY 
» 6-fl. cable for connecting GP1S00 Interface Moaula with 
external device. 

DESCRIPTION 

The CF1600 Care File is designed to house up to 13 cards ol tho 
GIMINt family. Tho MC1600 Microcomputer Modulo, the CC160O 
Control Console Module, and the 1/01600 TTY-lslA/Reador- 
Punch interface Modulo each have ormi assigned position. The 10 
remaining positions are available for memory modules general 
purpose Input-output cards, or special interface cards 
Theprinted circuit backplane paraliolstha power aupply rails 2nd 
the date, address and control buses lor all 13 cards. There are 
separate voltage and voltage sense lines on the P,C. backplane 
for the *121/, -12V and fc 5V supplies. Tho bus system can be 
fixteiided tg anotinv card file by wirswrapping or soldering n 
ribbon cable to one of the rear connectors 
TheEKlfiCO Extender Card can be used with any other card of the 
QI Cl 800 family. 

The WW1600 Wl raw rap Card contains 126 16-pln lockets for 
prototyping special interface cards Power and ground planes 
are provided. 

The P31600/PS 1601 Power Supply proviaou all the power 
necessary to run the GIMINI Microcomputer System. Tho user 
has 2A of +12V and 2A of -12V available for extra memories and 
Interfaces 
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Also avallBDie is 9A ol *5V if the system uses only one 8X RAM 
Memory Module. Special power supply configurations are 
available upon request. 

The CA1ECI0 TTY/EIA Cable Assembly is a 6' cable that has a to- 
pin 3M connector to interlace with the 1/01600 TTY-EIA/Reader- 
Puneh Interface Module on o-s end The other end is split into 
two Motions: one is left unterminated for connection to a TTY; 
the other la terminated In a 2fi-piin data connecter for connection 
to an El A device. 

The CA1601 Reader/Punch Cfirilo Assembly Is a 6' cable that has 
a 34*pln 3M connoctor to interface with I he 1/01600 TTY* 
EiA/Roadiar-Punch interface Module on ono end. The other enu 
is split into Iwo aoctions: both ora terminated in 25-pin data 
connectors, one tor connection to the reader and the other tor 
connection to the punch. 

The CA1602GP1600 Module Gable Assembly is o 6' cable tnat 
hits a 34-pln 3M connector to interface with the GP1C00 General 
Purpose Interface Module on ono end. ‘Tie other end -a 
untorminated 



PS16C0 
PS1SOI 
WW1600 









ADI 600 





Analog to Digital Module 

FEATURES 

w 12-bit Analog to Digital Conversion 
E -S’iC) volt if puts. 

ft 25KHz Standard Throughput Rate, Option 35 KHz. 

SDK Hz, lOOKHz. 
si 16 ChannaUnput 
k Plugs directly into GIMIN! System 
* Operates from -5V DC source. 

« Program controlled 
« Interrupt capability, 
a Intertacos directly with MCI600 Module 

DESCRIPTION 

'Tne AD 1600 '5 a multichannel analog data acquisition module 
which Interfaces directly to General Instrument GIMIMi 
microcomputers, The AD1600 provides 16 channels of j. 10 Volt 
Analog to 12-olt 2’s complement digital oats with a standard 
conversion rate of 25KHz, Conversion rates of 315KHz, 50KHzand 
lOGKBz ere available. 

The AD1600 is controlled via three operations! registers whicn 
are used to select a specific analog input channel, start data 
conversion, determine whan conversion is complete and input 
the resultant digital data These registers are cleared Initially 
when a console master clear Is issued and set under program 
control. 

The AD 1600 is operated by first setting an analog input channel 
address (CM7) In the Channel Select Register (CSR). Analog to 
digital conversion is started by setting the Start Conversion bit In 
the Conversion Control Register (CCR) When the analog lo 


cigitai cor version ■$ compete the Enu Convr-smn tut m tie CCR 
bcimrr.fes a 'T bn nay he sampled uncer program -itint/ci 
or it tf.fc CCR Interrupt E'tabh* bit isset, in imenupt is gmerateJ 
when end of conversion occurs. If after a start convert signal is 
generated an end of conversion doesn't occur, the CCR Error bit 
Is set instead of the End Conversion bit This bit may also be 
so m pled under program control or if the CCR Interrupt Enable bit 
is set, on interrupt is generated when the error bit becomes a "l" 
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AK1S00 

DA1600 

scieoa 


PRELIMINARY INFORMATION 


AK1I600: Auxiliary Module 

features 

, Companion 10 MC1SOO and RM16U2 
p IK.IB PROM 
bs UART I/O 
s interrupt Capability 
hi 16-Bit Output Latch 

m 16 -Blt Input Port 
ga Automatic Start-up Cirouitry 
B Rp,-232 Or 20 MA TTY LOOP 
H Selectable BAUD Rotes 110 to 3600 BAUD 


DESCRIPTION 

The AX15IXJ Auxiliary Modulo » mo third care of a set of throe ol 
the Series 1600 modules that form a complete 16-bll 
mTorocomptnor Tho firs, two ar. Ih. MO18D0 k«lo W to 
Module ana Bio SK*16 RAM Memory Modulo The AXMM 
Auxiliary Modulo contains all other compute' lunotlons othoi 
than processing and memory; specifically, it has serial I/O. a 10- 
olt output port, a 16-611 Input port. IK-16 of PROM, intsriupt 
circuitry, and automatic start-up circuitry. It 6 contained or. ,i 
a 9,7S’’*9.2^i , ’ PC board which mates with a duel 70 pin 
connector 


DAI600: Digital to Analog Modiste 

features 

@ 4 D/A's cr< One Card 
m 12-Slt Resolution 
a i-io Volt Outputs 

DESCRIPTION 

Tfii? DA 1600 Is a multichannel digital to analog data output 
module which Interfaces directly lo Si's *«*»«• 
computers Tho OA1800 provides tour separate 12-bit at a 


comploment digital to .t 10 volt analog outputs. Each ol the four 
analog outputs is controlled by a corresponding Analog Oat. 
Register (ADR) which has a unique bus address. A MMM 
analog outpul signal Is generated in a maxlniumof Susafter a t 
be digital quantity Is placed in tho corresponding ADR The lour 
analog outputs are Initially set to zero Volta when a console 
master clear Is issued and are under program control thereafter 
Th#> DA 1600 Digital to Analog Module Is contained an a 
9 , 7 !;“* 9 . 25 '' pc board which mates with a dual 70 pin connector 


SCI 600: GIMINI Single Card Microcomp uter M o dule 


FEATURES 

(i CPI600 with multi-level priority interrupt structure and DMA 
channel for floppy disc 
a ibK words of RAM 
m 4K words of PROM sockets 
« Real Time Clock •• crystal controlled with <1 strap 
selectable frequencies 
a power Down Interrupt 

a 6-blt System I/O Port with lull handshake control lines 
w Two UART-RS232 compatible Serial I/O Channels with strap 
aalectable baud rate . 

e Up to 32 Digital Outpul Lins® with interrupt capability 
(IOB16S0) .... 

m up to 32 Digital input Lines with Interrupt capability 
(IOB1680) 

n up to 5 programmable 16-bit Timers 

tu Re si do nt Operating Systems in PROM 

a ROM Resident Utility ^unctions including MUL div. 

SORT Floating Pnt. Operations, Code Conversions, etc 
nn Resident Drivers for all I/O Functions and Floppy Disc 
■ integral Power Supply with power-down detection output 
and power-up initialization output 


OIMINI SINGLE CARD MICROCOMPUTER 


Under Development 
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CC1600 


Control Console and Control Console Module 


FEATURES 

16-bit Data/Arjdrees Display 
x 10 -bit Switch Fit'slster 

* Easy to uae Control Panel: 

Oisplay/Modif? ail 8 internal registers 
Display/Modif r the CPU Status Word. 

Display/Modlfy all 6 &K Memory Space. 

Single Instruction operation. 

Program Counter Inhibit capability 

* POM based Operating System 
Conversational Monitor 

On-Line Debug Wcgram/Software Breakpoints 
Relocating Loader (Eliminates Bootstrap) 

Memory Dump Program 

General Utilities'lnput-Qutpui Dovers 

* Standard 19' »iott" raok mountable Control Panel 

DESCRIPTION 

Tne CC1600 Control Console and Control Console Module is 
designed to provide a convenient method of controlling ai d 
monitoring the GIMIN1 System. The CC1600 consists of a front 
panel and a printed circuit module that are connected with two 34 
pin flexible cabtea The module contains the control logic to 
handle all iront panel commands as well ag the required interrupt 
logic to Interface with the Microcomputer Module. 

The Control Console Module consists of six control ROMs 
scratch pad memory (256x16),a 115-bit Switch Register, a 16-bit 
Display Register, and tne control logic to norvice any front panel 
request. 

AH functional operations for the Control Console are performed 
by the execution of program stored ir. the control ROMs, Press¬ 
ing any action switch on tho Control Console results In an 
interrupt request t 0 u,e GP160G. Alter this interrupt is acknowl¬ 
edged, the CC1600 supplies the starting address of the Control 
Console service routine which performs the required function, in 
addition, the program automatically stores all CptfiCO register In 


CONTROL CONSOLE ~~~) 
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the scratch pad memory wnlch is accessible via front panel 
selection Consequently, whenever tho CP160O is In the Halt 
mode, the Control Consols has direct access to all updated 
CPiGOO information 

The control ROMs olso contain all tho firmware necessary for the 
development of micro-processor based systems An On-Line 
Debug program Is included 50 that software breakpoints and 
memory search routines may be executed The system monitor 
allows the user to maintain conversational control via teletype 
interaction The Relocating loader can be U 3 ed to input data 
from either a "TY or High Speed Reader, while the Memory 
Dump program allows any block oi memory to bo punched onto 
paper tape 

The Control Console Module is packaged on a 9.75" xg.zs" p.c 
board, which metes with a dual 70-pin connector It also inter¬ 
faces with twe 34-pin connectors for connection to the control 
console. Its operating temperature is 0* C to 55°C. It requires +5V 
' 6 % at 1 . 0 A 

r CONTROL console module 1 


BLOCK DIAGRAM 



General purpose interface Module 


FEATURES 

n 116 -Dit Addressable Input Port 
w 16 -bit Addressable Output Port 
e z. Addressable Status Registers 
0 Interfaces dlrootly v/ith MC1600 Module 
m space prov'dod for sockets ior I/O Control Logic 
ei Full Interrupt Capability- 

DESCRIPTION 

TheQP1600 General Purpose Interface Modulenas two software 
addressable ports: one f 6-bit input port and one 16 -bit output 
port Each port has an associated 4-bit status register that $ 
addressable via program control. Provision Is made so that the 
peripheral device car bo operated on an Interrupt or polling 
basis. Addrers decoding for the module is provided on the card 
although specific port aasignmentsaredetermined by backplane' 
selection it is therefore possible to use* up to eight 6 PI 6 OO in a 
given System 

Connection to a given peripheral device is accompli shod by a flat 
rbbon cable Dual 34 pin connectors are mounted at the top end 
o' the module Space has been provided to accommodate wire 
wrap sockets so that specific interface circuitry may be incorpor¬ 
ated on the module. Control and data signals nave been brought 
out to wire wrap pins to facilitate prototype development. 



The module will accept dual-in-lme package components 
mounted in standard wire wrap sockets. Locations for M. i6, 22, 
24 pin sockets are available. 

The Cap1600 General Purpose I/O Module is a 0.75" x 9.25” 
printed circuit card. Its operating temperature range is 0°C to 
55" C. 


















1/01600 


TTY-EM/Reader-Punelfi Interface Module 


* TolBiypu Asynchronous T ransmttWf-Roceivor and Control 
flJAfVT) 

■ High Speed Readar/Puncli Controller 
® EIA {RS-2U2C1 Interface 

* 'literraces directly with MO160D Microcomputer Module 

■ m Compatible to i/0 Peripherals 

DESCRIPTION 

Tho 1/01600 TTY-ElA/Readar-Punch Interface Module handles 
full duplex communication between a Teletype, High Speed 
Rendar/Punch combination or any RS-232C compatible device 
and the MC 160 Q Microcomputer Module, The I/C1600 Module 
has complete interrupt capability with four separata channels- 
two for the receiver section, High Speed Reader and TTY Rend¬ 
er/Keyboard; and two for the transmitter section, High Speeq 
Punch and rrv Punch/Prlnter These four Interrupt channels 
operate independently with the receiver sections taking priority 
over the transmitter sections on simultaneous Interrupts The 
High Speed Reader/Punch has a higher priority than the TTY. 
Electrically, the 1/01600 Module has a20mA currentloopforTfY 
operation and a TTY reader control line which allows the micro¬ 
processor to control the Teletype reader during on-line opera¬ 
tion. The High Speed Reader/Punch interface controls a high 
speed Reader/punch combination capable of reading paper tape 
at 300 characters per second and punching tape at 60 characters 
per second The 1/01600 module also provides the additional 
capability of interfacing with any RS-232C compatible terminal 

F BLOCK DIAGRAM 


P Ttr/eii KV8D 
„ a USX STATUS 
! SEGISTEft a LOGIC 


J VTT/tlA PWJTER 3 ISpLIJ 
| TWNSMIT #EGI$T.;S rti 

SZTET-J 



The I/O Module is a 9.75" x 9.25" P.C. beard, which mates with a 
dual 70 pm connector It sleo Interfaces with a 10 pin corrector 
for She TTY and a 34 pin connector for the high so«ed 
reader/punch Its operating icmporatura is Q e C to 55“C. 11 
requires ■‘■SVxSvh at .5A, -'Wim at .2A ami -12V-5% at ,?.A 


9 LST STAl'K —* 
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Microcomputer Module 


features 

0 CompUSA microcomputer module with system clocks, 
memory intortace, and fully bufforsd Address, Data, and 
Control Buses 

g yuilt with General Instrument's CP1600 MOS N-Channel 
jmcroprocossor 
0 TWoPnase CPU Clocx 

• Direct and Register Addressing up to t>5K memory space 
g Memory stack pointer 

■ rwo Programmable Inierrupt llnas/Multi-lovel andfie/f 
identifying 

■ DMA Channel Capability 

■ 16 External Sense Conditions for Conditional Branching 

■ Generalized Initialization Logie 

■ ReniTime Clock Interrupt 

■ power Fail Interrupt 

DESCRIPTION 

The MC1600 Microcomputer Module Is a complete 16-bit parallel 
processing unit It contains the hardware necessary to interface 
with memory and I/O This is the- main module In the GiMlNI 
System. 

The Microcomputer Module is designed urounit the CFlBGO.. a t6- 
bit microprocessor on a chip The MC160D contains a 16-bit wide 
Bidirectional Bus Driver, Address Register and Driver - , Bus Con¬ 
trol Decoder-Driver, Crystal Oscillator, Clock Driver, an External 
Branch Multiplexer. A RtmlTime Clock Interrupt and a Power Fall 
Interrupt. 

Two line, multi-l&vci interrupt capability and Direct Memory 
Access are provided on this module. In response to an interrupt, 
the microcomputer automatically saves tne current Program 



Counter on the Memory Stack, resolves interrupt priority and 
vectors to the device's intenupt service address The direct 
memory access capability allows an alternate source to access 
memory or i/O while temporarily suspending processor opera¬ 
tion. At tho completion of a DMA operation, normal program 
execution continues In normal fashion. 

The Microcomputer Module is a 9.75" x 9,26" P.C. board, which 
mates with a dual 70 pin connector Its operating temperature 
range is 0°C lo 65° C. It requires fc 5V±5% at ,5 A. i 12V±5%at lA 
and - 1 2Vi5% at -J ma 
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PROM Memory Module 


FEATURES 

w Provides sockets tor up to sixteen PROMs (4096*16) 

» Static Memory - no clocks required 
a Field programmable 
a Erasable with short wave ulrra-violet light 
» 1 ms max, access time 
0 Buffered TTL inputs * 1 lose 
b Open collector TTL output - 30 loads 
h Module decoding for 65K memory expansion 

DESCRIPTION 

The PM1600 PROM Memory Modulo Is a standard AOSffxie 
memory module for use In the GIMINI Microcomputer System, 
If is useful during tne initial product assign phasn before freezing 
the program for a production quantity of tower coat masked 
ROMs, such as General Instrument's tSK HC-3-63i0A(2Kx8). 
This memory module has sixteen sockets for4C9S-.bit static read¬ 
only memories. Each row of 9 rows will provide Si 216-bit words 
ol memory. Each row contains 2 PROMs, 

The Address bus Inputs from ths GIMINf to the memory card are 
buttered to provide the necessary address Inputs to the PROMs. 
The sixteen data outputs from the PROMs aro buffered onto the 
Data bus of the GiMINl System. For memories larger than 4K*16, 
decoding on the module allows addressing for a total of 65K 
memory, 

A special memory celey circuit is also provided on (he board and 
te used to insure that the CP16O0 microprocessor waits until 
stable data Is available from the PROMs 



The PM1600 PP.OM Memory Module is a 9.7S"*9,Z5" P.C. board, 
which mates with a dual 70 pin connector. Its operating 
temperature range is 0 B to 56°C. A board fuliy loaded with all is 
PROM9 will require +5±5% at .5A and -I2i5% at .SA, 




2K&1S RAM Memory Module 


FEATURES 

r 2040—’fi-blt words per module 
a Static memory, no clocks required 
a Single +5 Volt Supply 
a Byte or Word Capability 
a Metlule decoding for 65K memory expansion 
a 750 ns Read/Write Cycie Time 
a Open CoMaotor TTL Output—30 Loads 
a Buffered TTL Inputs— 1 Load 

description 

The RM1600 Memory Card is h standard 2Kx1S memory module 
for use In the GiMINl Microcomputer System. This memory card 
contains address and data butters, read/write circuits, low of 
high byte word selection logic, and is implemented with General 
Insimment’s RA-3-4256B1024 bit static Random Access Memo¬ 
ry There are thirty-two 22 pin 256x4 static FlAM'a packaged on a 
8.75" x 9.25” x .062" printed circuit board, which males witn a 
dual 70 pin connector. Its operating temperature isO°C to 55° C 
It requires -5V :t5% at 2.0A typical. 

The Address dus Inputs from tne GIMINI to tne momory card are 
buffered lo provide tho necessary address inputs to the RAM's. 
The sixteen data outputs from the RAM are buffered onto tho 
Data bus of the GiMINl System 

If more than one 2K memory card is U6aa in the GIMINI System, 
provisions are provided tor proper selection of 2K increments, up 
io 65K (32 modules) memory space 




* « * • « * • ■, 
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2KX16 RAM MEMORY MODULE 


TIMING DIAGRAMS 



























RM1601 


BWI1602 


8Kx16 RAM Memory Mociuie 


» 8192 — 16-bit words per module. 
ib Static memory, no clocks required. 
u Byte or Word Capability, 

■ Module decoding tor 65K memory expansion 
a 400 ns Read Time. 

■ 500 ns Cycle Time. 

a Ooon Collector TIL Outputs—30 Loads 
iB Buttered TTL Inputs—1 Load 


DESCRIPTION 

The RMiBDi Memory Card is a standard 3Kx16 memory module 
for use in the GIMINt Microcomputer System. This memory card 
contains address end data buffers, read/write circuits, low or 
high byte word selection logic, and is implemented with General 
Instrument’s RA-3-4402 4096 bit static Random Access Memory. 
There are thirty-two 22 pin 4Kx1 static RAM's packaged on a 
9.7S" x 9-26'' x .062 printed circuit beard, which mates with a dual 
TO pin connector. Its operating temperature lsQ 8 C to S5°C It 
requires +5V s5% at 0.5A typical, +12V ±5% at 0.5A typical and 
-12V *15% at 0.1 A typical, The Address bus Inputs from the GIMIN< 
to the memory card are buffered to provide the necessary ad¬ 
dress inputs to the RAM’9 The sixteen date outputs from the 
RAM are buffered onto the Data bus of the GtMiNI System 
If more than one SK memory card Is used in the GIMINI System, 
provisions are provided for prope' selection of 8K increments., up 
to 65K (8 modules) memory space. 


8K*18 MEMORY CARD 
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SKkIS RAM Memory Module 


FEATURES 

« f ,192 - 16 -tilt woves per module 
a Dynamic memory v/ith Refresh logic (Refresh 
during no-action state of CP 1600). 
a Byte or Word Capability 
„ Module decoding lor 65K memory expansion 
a 400 ns Read time 
a 600ns Cyclo time 

0 Open collector TTL outputs - 3J loads 
p Buffered TTL inpuls — i i-oad 

DESCRIPTION 

The RM1602 Memory Card is a standard 6Kx16 memory modulo 
4nr use In theGIMlNi Microcomputer System This memory card 

contains address and data buffers, read-write circuits, refresh 
ionic, address multiplexer, low or high byte word selection logic 
There are thirty-two 16-pin 4Kxl dynamic RAM’s packaged on a 
9,75'’X9,2S”X 062 printed circuit beard, which mates with a dua 
70 pin connector, its operating temperature is 0 C to 55 C. It 
cc,„ pa T 1 2V -f-5% at .5A, typical and -1ZV 
H a, 0 02A typical. The address buslnputs Iromtho GIMINI to 
memory cord are bulfored and multiplexed to provide the 
necessary address inputs to the RAM's The sixteen data outputs 
,rom the RAM era buttered onto the Data bus of the GIMINI 
System 


SKX16 RAM MEMORY MODULE 



li mote man one 8K momory card is used in fna GIMINI system 
provisions are provided tor proper selection 0‘ 9K increments UP 
to 65K (8 modules) memory- space 
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Software 

FEATURES 

• Cross Software Package Including Asaembler/Simulator 
programs 

■ On-Line Software Package for Program Preparation on 
Microcomputer. 

a Resident Firmware in ROMS on Control Console Module in 
GlMINl Microcomputer allows conversational debugging o' 
programs. 

« Subroutine Library Math packages. Code Conversion 
routines. Siring Operators, etc. 


DESCRIPTION 

Software is fundamental to making every microprocessor come 
alive and the Series 1600 is no exception. The entire product 
family Issupported by an extensive software system designed to 
make program development fast and efficient. Most Important, 
the software structure is designed to grow with the hardware to 
Insure a long term product continuity. 

Thn Series >600 Cross Software Package contains a versatile sat 
of program preparation tools Including compatible As¬ 
sembler/Simulator programs operating at two different compu¬ 
ter system levels—large machine or time share, or popular 
minicomputer systems. Each accepts Series 1600 assembly lan¬ 
guage statements as input and produce relocatable, linkable 
object code as output. In addition, the full microprocessor en¬ 
vironment, including I/O operations, is simulated on the host 
machine so that complete program debugrjlng and testing can 
be performed before committing to hardware The combination 
of these features along with durability to use a minicomputers a 
host processor results In the lowest coat,easiest to use, Cross 
Software Package >n the industry 

The GJMINi Microcomputer System also serves as a program 
preparation and hardware debug facility with the aid of its resi¬ 
dent firmware and the On-Line Software Package, The resldant 
firmware consists of a basic operating system containing a 
Monitor,theOn-LlneOebufiP’roginm, the Relocating Loader, lhn 
Memory Dump program, and a number of other basic utility 
routines. The firmware also supports the system I/O with gener¬ 
alized routines for input/outpnt from a TTv, high speed paper 
tope reader/punch, or any H8232 compatible device. 

The On-Line Software Package includes the Symbolic As¬ 
sembler. fhe Text Editor and the Relocatlng/LloKing Loader, the 
Object Module Linker and Uio Super A-isernbler. The Object 
Module Linker provides fhe same features as S16LNK allowing 
generation of relocatable or absolute load modules on-line. The 
Super Assembler allows programs to be ended using high level 
procedure oriented statements while providing all the flexibility 
of basic assembly language. 



S16.XSFT CROSS SOFTWARE PACKAGE 

The Series 1600 Cross Software Package is coded In low love' 
Fortran IV and Is specifically designed to operate m a lo-Dli 
minicomputer environment. The Cross Software package has 
been installed on many popular minicomputer systems suuh as 
OGC NOVA and DF.C PD D 11 ThnCross Software package has 
also been installed an many popular time-sharing computer 
systems. 

SIGNAL CROSS ASSEMBLER 

Symbolic representation of all instructions 
Utar defined six character symbols 
Qatal, decimal, hexadecimal and ASCII literals 
Expression evaluation 
Extensive assembly directives 

Absolute, Relocatable or Reiocatebla/LinKflble assembly 
Full program and sorted symbol listing 
Extensive error detection 
316XRF CONCORDANCE GENERATOR 
Assembly symbol cross reference map 
S161NK OBJECT MODULE LINKER 
Resolves globaf/extarnal symbol linkages 
Relocates and merges object modules 
produces relocatable/absolute load module 
Produces load module map 
SlflBIM SIMULATOR 
Full Series 1600 Instruction set simulation 
Full 6SK word memory simulation 
I/O and Interrupt simulation 
Memory and/or Register breakpoints 
Memory and/or Register traces 
Simulated program execution time accumulation 
program execution time and stack size limits 
Inspection and modification of memory and registers 
Symbolic memory addressing 
S15BPT BINARY PAPER TAPE GENERATOR 
SlfiRTG ROM PATTERN TAPE GENERATOR 
ilSSXAL SUPER ASSEMBLER 






GtMINI RESIDENT FIRMWARE 

The resident firmware in the QIMIN! Microcomputer System 
creates an efficient easy to use, prototyping tool for the 

development of microprocessor based products The irmware 

performs all front panel functions as well as creating a terminal 

driven operating environment. Features Include the allowing 

S1SWITR MONITOR 

Conversational system control 

TTY communications 

S1S0DP ON-LINE DEBUG PROGRAM 

Eight program breakpoints 

Registor/Memory dlsploy ana modify 

Memory search and Initialize 

Single stop/Execute commands 

Modify Branch and Jump destinations 

Module Relocation Origins 

S10LDR RELOCATING LOADER 

Full relocation capability 

TTY or H.S, Paper Tape Reader Input 

81GMPP MEMORY DUMP PROGRAM 

Punches in S16LOR format 

TTY or H.S. Paper Tape Punch output 

Generalized Code Conversions 

TTY Input/output driver 

H.S. Paper Tape Reader/Punch driver 


SERIES 16JJ0 ON-LINE SOFTWARE PACKAGE 

The Series 1800 On-Llno Software Package -s written in 
assembly languago and runs on the GfMINI Microcomputer 
System. All programs are designed to be directly Input/output 
compatible with the SlSXSFTCross Software Package so that 
either means of program preparation can bo used 
interchangeably. 

S16AL ASSEMBLER 

Same features as S16XAL 

81GTXE TEXT EDITOR 

Multiple line buffering 

Symbol search 

Charactei, line siring editing 

S16RLL RELOCATING/UNKING LOADER 

Global and external symbol resolution 

Full relocation capability 

Loads and Iink3 multiple object modules 

Memory map 

&16DG5 DIAGNOSTICS 

Memory diagnostic 

Instruction test 

I/O Contra Ha- exerciser 

S160ML OBJECT MODULE LINKER 

Same features as S16LNK 

S16SAL SUPER ASSEMBLER 

High level procedure oriented instructions plus 

all features c J S16AL 

SERIES 1600 SUBROUTINE LIBRARY 

Tne Series 1600 Microprocessor System is supported by en 
extensive and growing library of useful subroutines designed 
to relieve the user of many time consuming software chores. 

All of Subroutine Library programs are written In Series 1600 
Assembly Languago making thorn bolh fast and efficient. * hey 
are compatible with both the Series 1600 Symbolic Cross 
Assembler fSISXAL) end the Series 1600 On-Line Assembler 
(S16AL). In addition, all library programs are designed to be 
directly compatible with hardvmra extensions to ihe Series 
IfilX) product family so that increased performance can be 
achieved without software complications 
S16SMR BINARV MATH ROUTINES 
Signed Multlply/Dlvlde 
Square Rooi 

Double Precision Multiply/Divide 
Double Precision Square Root 
S16CCR CODE CONVERSION ROUTINES 
Binary to BCD—BCD to Binary 
Binary to ASCII-ASCII to Binary 
Binary to HEX*—HEX to Binary 
Binary to OCTAL-OCTAL to Binary 
Fixed 1c Floating -Floating to Fixed 
S1610D INPUT/OUTPUT DRIVERS 
TTY Input/Output 

H.S. Paper Tape Reader/Punch Input/Outpul 
Byte Table F'ack--Byte Table Unpack 
S16FPR FLOATING POINT ROUTINES 
Floating Add/Subtreci 
Floating Mulliply/Divlde 
I/O Conversion 

S16DMR DECIMAL MATH ROUTINES 

Decimal Add/Subtract 
Decimal Multiply/Divide 
Decimal Squara Root 
Decimal Compere 


10A-32 


IOA-55 





SAL1S00 



Wmi 

IIum 

Super Assembly Language 


FEATURES 

a High level operations LET, GOTO. GC@, 

CALL, IF. If-THEN, )F«1 HEN-EL,Sfc. DO, DO-FOR, 
DO-WHILE 
h Array subscripting 

» Literal representation m Binary, Octal, Decimal. 

Hexadecimal and character notation 
9 Symbolic representation of all CP* 600 instruelkins 
■ Directives for 

Controlling register utilization of hign level operations 

Controlling storage allocation 

Initializing storage 

Specifying character strings 

Declaring a program entry point 

Declaring global arid external symbols 

Declaring a program entry point 

Specifying assembly output form 

Controlling conditional assemblies 

a Absolute and Relocatable load module cutout 
n Absolute ana Relocatable linkable object 
module output 
fi Program listing 
si Extensive error diagnostics 


DESCRIPTION 

The General instrument Super Assembly Language enables the 
CP 1600 user to implement programs at a procedural level using 
FQRTR AIM-like statements rather than at the machine level ot 
conventions 1 assembly languages Super Assembly Language 
includes LET. IF. CALL, DO. GOTO, and GO© high level 
operations as well as all ihe instruction mnemonics and assembly 
directives cif basic CP5000 assembly language. Super Assembly 
language provides both the novice and the experienced 
programmer with trie convenience ana efficiency o' procedural 
level programming while retaining the flexibility and economy of 
basic assembly language. Many applications can be completely 
cooed using the high level operations, but when required, basic 
assembly statements can be intermixed freely with high level 
statements The C.P1600 Super Assembly Language is based on 
(he popular hlqh level programming languages, FORTRAN and 
SASIC 

Tne Super Assembler program convert? source programs written 
in CPI 600 Super Assembly Language into binary machine code 
This conversion process is accomplished by making two passes 
through a source program The Super Assembler Program also 
produces a listing of the assembled program: the full instruction 
expansion into machine assembly language for each high level 
statement may be printed on the fisting, if tha expanded fisting 
option is selected by me user 


HIGH LEVEL STATEMENTS 
GOTO 

The GOTO statement is used ro transfer program control 
unconditionally to a specified destination. 

Ex GOTO SCAN 

GO@ 

Trie GOfc? statement is used to transfer program control 
unconditionally indirectly through » specified storage designator 
to a destination The destination is defined by the current 
contents of tno storage designator 
Ex.. GO© T ABL.E [0 

CALL 

The CALL statement is used to transfer program control to a 
subroutine Arguments, i.a. parameters to be passed to the 
subroutine, follow the subroutine name enclosed in parenthesis 
and separated by commas 
EX. CALL SQRTII.J) 

LET 

The L ET statement is used to perform data transfers, arithmetic 
computations and logical operations involving constants, 
variables and subscripted variables Addition subtraction, 
multiplication, division, negation and logical NOT, AND. 
exclusive OR and inclusive OR operations may be performed 
using the LET statements 
EX. LET X =- NOT. Y AND. Z ■ b 
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The If siaiemeM is used to reform fusts cn single quantities and 
IrJ. comparisons between two quertitles. The quantities n ay 
^tpr.slants. vnnoom assembly expressions «™! 

nerlts An If slAlemmv may M o' #>KW <**« "•»“ r « i c. 
va "f." a , n, mlolicnsl T—* s.iHwilc IS is Ml » «*' > 
C °ontitv 'or negative zero and positive and directly transfe tpa 
q 1e poniin^Mniic-'l Tbe coni,...oral IF I, used to test a 
“tor positive, negative, aero and non-zero and the 
a m.iotaMF is "sod to dompam two ousnlil.es. Ths conditions. 

n olet ona F statements may execute a GOTO statement rf 
“ , Tltev may also cause a THEN-ELSE (THEN, il true and 
ei SF MalseHonuence ol mslructions to be executed. The 
S.FlSC apability Is a tealure no. found in FORTRAN or 
S and IS similar to the IF-THEN. ELSE fecMa 'n more 
powerful languages soch as ALGOL. COBOL and M 
PX iF ANSWR .ZERO GO TO NEXT 
IF QUANT 60 LIMIT THEN 
CALL SORTtA) 

END 

=X: IF A.EO. 2 THEN 
LET 0-5 
ELSE 
LET B=6 
END 


130 

The DO statement is used to perform looping and iterativu 
operations by causing a secuenee pi statements between he 
DO statement and a corresponding CONT (CONTmue 
statement to be executed repeatedly Such* 
sequence is known os a DO loop DO loops may bo nested i^e. 
contain a the*' DO loops up to a depth o' w mvels t\hen DO 
.oops are nested, inner loops terminate before outer 'oops. DC 
.oops may be controlled by FOR or WHILE conditions. 

t:y ABO DO ABC FOR I * INIT MaX. INCR 

IF (TBL !H -EQ QTY1 GO TO GET OUT 
CONT 

EX.. XYZ OO XYZ WHILE OTY GT. LiM 

LET K - K AMD. MASK 
LET QTY - K - INCR 
CONT 
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SERIES 8000 MICROPROCESSOR 




NUMBER [ N UMBER 


DESCRtPTiON _ 

7 no LP 8000 Logic Processor 
Unit ie a corr.pleta 8-bit 
single chip MQS*LBI Micro¬ 
processor It has a modern 
computer architecture with tony 
eight genera' purpose internal 
registers The 6-bit Date 
highway is supplemented by a b 
bit Address bus to give a 


FUNCTION 


8 BIT 
MICRO' 
PROCESSOR 


ELECTRONICS 


















i-P6GES0 LPiOIS 
LP1030 LPIOOO 


8-Bit Microprocessor System 



FEATURES 

■ 2 Chip Minimum System {plus clock) 

« 48 Accessible 3 Bit Internal Registers 

■ 48 Basic I it struct ions 

® Binary and Decimal Arithmetic Capability 

* Direct and Indirect Input Output Capability 

a Automatic subroutine nesting on memory devices 

* family of development devices 

DESCRIPTION 

The Series 8000 Logic Processor System is designed to perform 
any digital function using lar tower packages than a TT! or 
CMOS implementation Typically a ioo package system can bg 
reduced to a three chip solution 0 t LP8000 Processor LP6DC0 
Program Memory and LP10$8 Clock Generator (swo40leadDl& 
Pfus one 6 lead Dip) The consequent savings in development 
and production costs and increased reliability give the user 
many of the advantages of a customized LSI solution but without 
the restriction that if must be a high volume product. 

The System is fabricated svitn General Instrument s P-channc-l 
Nitride Process whicn has a proven reliability and production 
history. AH members of the Series 8000 family including Read 
Only Memories, General Purpose input Output and Memory 
interace parts are luliy compatible with each other. 

The LP8000 uogic Processor Unit itself Is a complete 8 -blt single 
chip MOS-LSi Microprocessoi It has a modern comouWu 
architecture with forty eight general purpose internal registers 
his, coupled With a binary and decimal capability arithmetic 
umr allows a versatile and sophisticated implementation of a 
microcomputer system. The 8 -bit Data highway is supplemented 
by a 6 -oii Address bus to give s 14-tot address capability which 
permits access to 16,384 words in combination of prooram 
memory, data memory or peripheral devices The address space 
consists o' 64 "modules" which can be either 256 words of 
memory or one 8 -»it bidirectional I/O port 


LOGIC PROCESSOR - LP (Part number LP80QG) 

The logic processor <lPj .s the heart of the Senes 8000system, II 
Performs all of the arithmetic and logical functions required and 



alsocontrois all activities occurring m the Senes 8000 system 
if h t,, * vvafkin « mdan Bbitlnput/outsotinterim 
to which external Dortehartiia may be attached directly 

?hH 0 D ™ M MEM0RV * PM < Pa '< lp eoooi 

I L- re T mory m * IK * 8 Wt memory which 

LT * pn * m 7his «*> also "Wwles the prog 
Z , P °f ” S ,0 ,te curron ' “drew It Ic arrange %T 

OP dl a four word hardware ataoK which is controlled by , ! 

Ul Tf“ m9 Tw0 Oireclly addresMble 8 tiil I/O w 
ac .o a.e included, so teat a minimum system consistfno of on 
L and one PH has 24 I/O loads. Extra PMs can hewnnLtebS 
tha mam system bus, up to a maximum of 16K words. Each pm 
and 1.0 interface can ba addressed by the LP the moduit. 
prog?™ S b " n0 DrD9rammeda! time as the customer* 

MEMORY INTERFACE CHIP. MIC (Part numbarLPlOOIII 

TriomeriiO'yihtBrlacechipcohsIsIsolar'Hbiiprogrj/r,counter 

it ,he top 01 lour worn nardware slack The address output ore 
TTL uon.panb .e and enable any external 2K-8 bit memory to ba 
addressed Other circuits allow the MIC to interlace diiecil° to 
the Series BOOS system without any external components i* Is 
inasnded lor use when breadboardina systems or when using 
non-Mandard memory, e.g. diode matrix, core etc 
The memory area can be extended by using several 
MIC/extnrnol memory combinations. The addresses are 
selected by hardwiring olns to V aa or V cc . 

INPUT/OUTPUT BUFFER - IOB (Part number LP 1 Q 10 ) 

T.ie inpui/OiJtput buffer consists of two addressable 8 bit I/O 
mtorlscBS. The addresses are selected by narkwiring sms to Vos 
C'V CS 

CLOCK GENERATOR - CG (Part Number LP1030) 

llro Series 81)00 needs only an MOKHc clock, a power-on-roaei 
signa; lo Clear and synchronize the system and two power 

supplies Virtually all external compor mts may peelirnnaiod by 
ustng the clock generator (CGI Tne frequency ol inn built m 
osctlla.or is determined py an externa! resistor or can be 
optionally ovar-ridden by an input Irom an external oscillafor A 
dais synchronizing stgnul * SN Is provided lo acl as an 
oscilloscope trigger and as a Data Valid signal lor exteral 
hardware 
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PIN FUNCTIONS 
processor Siijnal# 

DAB 1-8 

Bidirectional 8 -lead pretiharged data bus, used in conjunction 
yiifh address bus to implement l<t-blt address word 
ADB 1-6 

push pull 6 -lead address bus. This 6-tnt word spaoities the 
memory'module' address and the 6 -bit date bua specifies thel ol 
256 ‘intra module address' 

proceed Control Signals 

CIO 

indicates direction of data flow on data bus 
CDA 

indicates if data bus is carrying data or address information. 
CQ/1 

used to select the Q counter or Z register for memory addressing, 
CRA 

Used to control the internal address slack 

Peripheral Signals 
PEB 1-0 

This is a bidirectional 8 -bit latched inpul/outpul port with an 
open drain output configuration, in the ease of the LP8000 chip 
the 8 - bit port isorganised such that only bit 3 S -9 are bidirectional 
bits 1-4 are only available as inputs For all other chips m the 
family the peripheral interfaces are 8 -pit all bidirectional 

Drive Requirements 
CLOCK 

A single phase high level clock is required by the system and this 
would normally be provided by the LP1030 Clock Generator The 
clock frequency used con be selected between 500 and SOOKHz 
With an 6 OOKH 2 clock the machine provides a 5uSac machine 
cycle time. 

RESET 

This is a clock synchronized high level signal, norm ally provided 
by the LP1030 Clock Generator, 

POWER 

Vu <-5 Volt supply 
Vm 0 Volt (GND) supply 
V.,r -12 Volt supply 
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fcLtlJTl/NCAL CHARACTERISTICS 


Maximum Ratings’ 

All pins with respect to V- x 
Storage Temperature 
Operating Temperature 


• -20V to +0.3V 
■■55° C to -rU50 < ’C 
0°C to +70°C 


‘Exceeding these ratings could cause 
permanent damage Functional operation of 
these devices at these conditions >s not 
Implied—operating ranges are specified 
below 


Standard Conditions {unless otherwise noted) 

Vrt - +-5V X0.25V 

Vr,' - GND {subsirate at W-; 

tfBo*-iav iiv 


Charac teristic 
Clock Frequency 
Machine Cycle Time 
Clock end Reset tnpul 
Logic '1 
Logic V 
Data Bus 
Input Conditions 
logic ‘V 
Logic ‘O' 

Output Conditions 

Logic V 
Logic -0 

Control & Address Bus 
Input Conditions 

Logic 'O’ 

Logic T 

Output Conditions 
Logic 'O' 

Logic '1* 

Peripheral Bus 
Input Conditions 
Logic '1* 

Logic 'O' 

Output Conditions 
ON Current lpiqig 

Other Devices 
OFF current: All Devices 
LRfOOO Memory Controls 
(Address. "K/w. Enable) 

Logic T 
Logic "0" 

Power Consumption: LP BD0D 

All other devices 


Min 

Max 

Units 

Conditions 

400 

60Q 

KHz 


6.7 

10 

M8 


V cc -1.5 

- 

VollS 



-9.5 

Volts 


Vcc -1-5 


Volts 



-0.8 

Volta 


V cc -i.O 

~ 

Volts 

Capactlve load 


+0.4 

Volte 

only, maximum275pF 

V CC -T5 


Volts 


~ 

•0.8 

Volta 


v cc -10 


Volts 

Capactlve load 


-7.0 

Volts 

200pF 

-it 

... 

l Volts 



-0.8 

1 Volts 


2 

- 

mA 

V 0 Ur 5 Vcc -IV 


— 

rnA 

'W'ee-lV 

— 

1 

>iA 

Vin •» V GG at 25°C 

Vcc-t.O 

_ 

Volts 

(oh ~ I00pA 

— 

-0.4 

Volts 

Iol B 0.5mA 

— 

iono 

raw 


“ 

500 

mW 



TIMING DIAGRAMS 



r~ 

Mnemonics 

Operall on 

Cycios 

Comments 

—. 


Load Accumulator Horn Register 

1 

These instructions are used to manipulate the 



Storo Accumulator in Register 

1 

contents of the accumulator with one of the 


DEC 

Decrement Register by one * 

1 

48 internal registers They have a four bit 

INTERNAL 


BCD Add Accumulator with Register * 

2 

argument and direct addressing is assumed 


BAD 

Binary Add Accumulator with Register 

1 

for 0-11 but indirect for 12, 13 And 14. For 

INSTRUCTION 

AND 

Logical AND Accumulator with Regiotoi 

1 

indirect addressing the r egi3ter address is 

EOR 

Exclusive OR Accumulator with Register 

1 

held in S,T, Argument 12 gives register point- 





ed to by S & T; 13 givoR the same then S is 



the respective register. The result of all other 


decremented. U also addresses vies S T and 



operations Is stored in the accumulatoi 


then s is Incremented 

’—- 

LSS 

Load S with Short (3- ft it) Literal 

1 






Lower order bits (i-3i of accumulator are 
copied in register T 

REGISTERS 

SAT 

SAT 

Store Accumulator in Register T 

1 

SST 

Store Accumulator In Registers S & T 

1 

Bits (1-3) of accumulator copied if register S 
bits (4-8) copied In register T 

~~~~ 

LAL 

Load Accumulator with 8-bit Literal 

2 



LAS 

Load Accumulator with 4-bit Literal 




ALL 

Logical AND, Accumulate'' with 3-bit Literal 




QRt 

Logical OR, Accumulator with s-blt Litera. 

2 


external 

EOL 

Exclusive OR, Accumulator with 6-bit Liters' 




ALA 

Add Accumulator w;lh 8-bit Literal 



INSTRUCTIONS 

CMP 

L)X 

Compare Accumulator with 8-bit Liteia! 

4 

The lower six bits of the X and Y registers are 


LIV 

Load Accumulator Indirect Module Y 

4 

used Id address 2G6-b it modules <?f data and 


SIX 

Store Accumulator Indirect Module X 

3 

program respectively. 1 he 8-bit data dus Is 
used to provide the intra-moduli} address 
These three instructions respectively fetch or 
store data using the address in the register to 
specify (he modulo 






SAX 

Store Accumulator in Register X 

1 

Used in normal register operation and also 


SAY 

Story Accumulator In Register v 

1 

for setting up module addresses for program 


LAX 

Load Accumulator from Register X 

1 

and data marrspuiatior 


LAY 

Load Accumulator from Register Y 

1 

Used to sot Q Counter or Z registe' o f re- 


szx 

Store Accumulator in Z Register Module X 

3 

SIMULATOR 

SZY 

Store Accumulator in Z Register Modulo Y 

3 

quired module 


SOX 

Store Accumulator in Q Counter Module X 

3 

The Y register points to the active program 


SQY 

Store Accumulator «n Q Counter Module Y 

3 

module, the X register points loan alternative 

REGISTERS 

SAV 

Store Accumulator in Register V 

1 

module c a dale space. 

Thcsefour instructions allow direct access to 


SAW 

Store Accumulator in Register W 


the internal registers which tire masked by 


LAV 

Load Accumulator in Register V 

1 

the operand code used for indirect address- 


LAW 

Load Accumulator in Register \* 


iny i.e 12.13, 


CLA 

Clear Accumulator lo Zeros 

1 



LSA 

Shift Accumulator Left 1-olt 

1 

Carry Flag set unconditionally 

SHIFT 

ns A 

Shift Accumulator Rignt 1-bit 

1 

Carry Flag cleared unconditionally 

LSN 

Shi It Accumulator Left 4-blte 

1 



RSN 

Shift Accumulator Right 4-bits 




LAM 

Load Accumulator from Module Direct 

2 


INPUT/OUTPUT 

SAM 

Store Accumulator in Module Direct 

3 

The indirect I/O operations use the X register 

INSTRUCTIONS 

LIM 

Load Accumulator from Module indirect 

4 

SIM 


3 

fo' module addressing. The SAX instruction 





is used to sot up the system ter the indirect 





mode. 


JWIP 

Jump unconditional 

3 



JIZ 

Jump if all Zeros 

5/2 


JUMP 

JNZ 

Jump it not all zeros 







Used to sequence through a 'page 1 of internal 
registers. 

PAGE 

JRS 

Jump if Register S not equal lo 
seven 

3/2 


JCS 

Jump if carry bit set 




JCN 

Jump d carry bit not set 



SUBROUTINE 

GOS 

Go to Subroutine 

3 

Program counter automatically stored in 

INSTRUCTIONS 

RET 

Return from Subroutine 

_ 




4 



feu— 


'OEM 
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;? DEVELOPMENT FAMILY 

fi a production system may consist ol only a logic p-ocessor. 
!■' ip(iQ00. and ROM. LP60G0. (plus Ctesk Generator. LP1030) 
§' ^owovar, the practical development family which comptemants 
LP0OOO allows the user to implement bin hardware and 
1 softwaro in a real time replacement mode for his final mask 
.1: programmed product. LP 1000 arid L.P1010 parts, plus PROM, cun 
I directly replace the LP6000 ROM. indeed the development family 

i ma y v,ell be used as the complete solution for short run multi- 
variety systems 

i 

DEVELOPMENT SUPPORT 
Circuits 

LP 80-00 systems use only a small number ol integrated circuits 
for coat affective implementation For development and pre- 
production LP fOOO (Memory Interlace Circuit) and L* 3 1010 
(Input-Output Buffer) can be used with F’RQM, EAROM or RAM 
to replace the final mask-programmed ROM {see diagram) The 
system using PROM or EAROM behaves identically with tha final 
mask-programmed ROM version When the program has been 
proved, the IP1000, LP1010, and PROM/EAROM cbp all be 
replaced by LP <3000 to give the final low-ccet system using 
perhapsas few as two40 lead DIP? (LPfiOOO *■ LP 6000), and oho 
6 lead DIP (LP 1030). Small production runs, cr syotems needing 
extensive RAM memory can remain with LP 1000 and LP 1010. 


Prototype Sy stem 

To simplify hardware and software development and help speed 
the users product design cycle time, a complete hardware pro¬ 
totype development syslom is available to support the Series 
liQSQ family The GIC 8000 Microcomputer System prov.'deBa teal 
bed for user designed interfaces arid related hardware as well as 
a program preparation facility with resident, on-line hardware- 
and software debug aids The ufiers program can be tested and 
modiflod under re&l time operating conditions. To make program 
development fast and efficient, peripheral interfaces and their 
rotated software including TTY high speed reader, high speed 
punch and serial '(no printer nee included on the prototype 
system. In addition, ail of the card level modules o f this system, 
ranging tram complete microcomputers to memory or I/O mod¬ 
ules, are available on an OEM basis for further system 
integration, 

Software 

For pure program development tocneck the flow ol instructions, 
a complete assembler and simulator written in FORTRAN IV is 
available lor operation on minicomputer systems or op Interna' 
or external time share networks 

Manual 

A manual describing complete hardware aspects of Series 8000. 
and detafls of Ihe program preparation software Is available from 
all General Instrument MtcroeiectronicsSale6 Offices, Agencies, 
and Distributors 



I 


Series 8000 Cross Assembler — Program Specification 


INTRODUCTION 


OPERATION 


Tne Symbolic Cross Assembler >s capable of converting 
programs written in Series 8000 symbolic assembly language 
into 3 tape format suitable for loading into the prototyping 
system The program runs on ?. General Instrument GiMINl 
prototyping system withflK of 16 bit RAM memory using either a 
teletype or reader/punch for input/cutput operations. The 
symbolic assembly language used by ihia croes-ossembler is an 
extension of ihe original specification end closely resembles the 
language format of the Senes 1600 Assembler 


FEATURES 

The Symbolic Cross Assembler provides tne following major 
features: 

■ Symbolic language representation of all instiuctionsand data 

■ Up to 250 U3er defined names for varlablea/reglsfors. 

» Binary, octal, decimal, hex and character representations 
for literals 

* Arithmetic evaluation of operand expressions. 

* Assembly directives for 

— Controlling memory allocation 
— Defining character strings 
— Specifying inpul/output options 
— Establishing and controlling conditional assemblies 

■ Program listings - which are optional 

» Comprehensive erior detection ana diagnostics 


The Symbolic Cross Assembler converts symbolic source 
programs into machine code formal in a two pass process. 
During the first pass through the source file, all user specified 
symbols arc piaceo in a symbol (able containing Ihe symbol. its 
value, end several other attributes During the second pass 
through lhe source tile, symbolic instruction mnemonics ere 
translated, symbol references resolved, errors diagnosao, a 
machine code file genorated, and an optional program listing 
produced 

The machine code file produced by the Cross Aasemoter is an 
absolute load module that can be punched ot; paper tape for 
subsequent toaoing in a GIC60DQ microcomputer system by the 
resident loader Both stsndaro and modified hexadecima 1 codes 
can be generated 













Gicaoco 


8-Bit Microcomputer System 


features 

BS Built around the General Instrument LR6000 Microprocessor 
K Complete microcomputer system to enable rapid proenv-m 
development 

H Up to 13K * 3 of memory space 
® PROM resioent system monitor 

» Load and dump routines for Teletype, Reader, Punch. t/,D. j 
and Line Printer 

® Examine/Stora ail 48 internal GPU registers, user memory 
locations and user I/O pons 

b» Auto mcrament for examining ana storing in sequential 
location b. 

® 'Breakpoint' facility for halting execution of user program 
at specified address ' 

* ‘Start from address' facility tor starting execution of user 
program at any spoclfied address 
e Up to frK * S of user RAM or PROM memory 
« Up to 15 (Lblt user I/O ports 
® 8-bit data and 14-bit address displays 
» Internal power supplies 


C3EC8000 MICROCOMPUTER 


DESCRIPTION 

Tne GIC8000 Microcomputer System is a complete development 
system designed to support the General Instrument Sories3000 
family. It provides a test bed for user designed interfaces and 
related hardware as well os a program preparation facility with 
resident, crHine hardware and software de-bug side it also 
Allows the user program to be tested and modified under real time 
operating conditions, To make program development fast and 
efficient, peripheral interfaces and their related software 
including TTY. high spued reader, high spaed punch and serial 
line printer aro inc,'tided. In addition ail me cards of the system, 
ranging from complete microcomputers to memory or I/O 
modules are available on an OEM basis for further system 
integration 

The GiCSQOO is of modular design, the basic hardware consisting 
of a stoat cabinet 12 position card file, front panel control 
console, power supply and 5 plug-ln cards; 

MC3000 MICROCOMPUTER MODULE (INCLUDING 
USER 108) 

OS8000 SYSTEM MONITOR MODULE 
1080(10 TTY/ROR-PCH MODULE 
RMflOOO 2K « 8 USER RAM MODULE 
CC8000 FRONT PANEL DRIVER MODULE 
In addition, the following modules are also available 
GR6000 GENERAL PURPOSE I/O MODULE 
JsXBQOO EXTENDER CARD 
PM8000 2K < 8 USER PROM MODULE 


BLOCK DIAGRAM 


user r/o 

r-ORT 

■:a bitsj 


rrv 

n DR/PCM 


6£NEHAl 

PURPOSE 

I/O 

WOOIILF 

0P6QOO 


micro* 

COMPUTE! 

M0WJL6 

MC80Q0 


SVSIEM 

J/0 

MODUIF 

roaow 


USER I 
RAM/PRC M 
MODULES) 

H MSOOu/ I 
PMBOCO 


SYSTEM 

MONITOR 

MODULE 

osetioo 


INTERNAL BUS 


FRONT PANEL 

logic; mooul. 

CCflOOO 


OPIATING MODES 

machine can operate In either SYSTEM or USER mode. In 
SYSTEM mode, the PROM resident {System Monitor program 
• r ontrols all the operational features of the machine anc provides 
a wide range of monitoring and editing facilities which can be 
j to rapidly develop user programs, in USER mode, the 
machine Is under the. exclusive control of the user program and 
ran therefore be used as a teat bed tor user defined Interfaces and 
dieted hardware as well as testing the program Ittelf. 

OPERATIONAL FACILITIES 
Load aitd Dump Tapes 

Load and dump routines allow user program tapes lobe read and 
dumped from a standard teletype, teletype compatible V.D.U.. 
highspeed reader, high speed punch or serial line printer. Ready 
and fault lamps on the front panel Indicate ihe status of the 
machine during theso operations. in dump mode, the whole or 
only certain specified areas of user memory can bo punched out 
Examine Memory, I/O Modules and CPU Registers 
The user area of memory (up to 6K * 8). all user I/O modules and 
all 48 internal CPU registers can ce examined from the front 

panel. A 14 bit address register and an 8 bit dataregisterare used 

to sat and display address and data information respectively. To 
allow sequential locations to be rapidly examined, a special 
Increment key has also been provided 
Start Execution at Specified Addroas 
Normally, execution of the user program starts Irom line sero. 
However in certain circumstances this may not be convenient 
and so n start trom address facility has been incorporated This 
allows the user to start execution of his program at any specified 
address «n It and is controlled by a special key on the front panel 
Stare In Memory, I/O Modules and CPU Register* 

Data can also oq written Into user memory, user I/O modules and 
CPU registers via \ha eamaaddreesarddatarogistera. Again, the 
auto increment facility is available 10 rapidly store data fn 
sequential locations, 


Stop Execution! fit Specified Address 
Execution of the user program con be stopped by operating 
MASTER RESET to return contra! of the machine to the System 
Monitor Program However as It is not possible to deling exactly 
where execution ceasatt using this method, a'Breakpoint' facility 
has bean provided. This allows iho U3er to execute his program 
up to fl specified point and then automatically switch into Monitor 
made where tfisiull range of monitoring and editing facilities can 
t>n used 


USER MEMORY MODULES 

The total memory area of 16K is divided into 8 pages of 2K and 
each page is further sub-divided Into 8 modules of 256 words, 
Tha bottom three pages, 0.1 and 2. are available to the user and 
can consist of up to 3, plug-in static RAM or UV Erasable PROM 
cards or any combination of the two. To prevent accidental 
corruption of the RAM modulesdinwfl development each card is 
provided with & Memory Freeze switch which affectively converts 
in am to volatile ROM memory One 2K > 6 PAM module is 
normally supplied wilh the basic kit 


USER I/O MODULES 

The top 15 modules In memory am allocated for user as usar I/O 
ports. Each port is 8 bits wide and occupies onemodute address 
The microcomputer modulo has two lOB's, ono ot which Is used 
by the LP8CI0O microcomputer chip but the other te available to 
the user. If the user requires additional I/O ports, then General 
Purpose 1/0 Modules can ba added as necessary 
Each Gonerai Purpose I/O Module supports iwo. dual 6 bit lOB's 
giving the user four. Individually addressable fl bit I/O ports, i.e 
32 W-dlreotionftl lines Pull-down resistors lltted or the card 
make the I/O Unas TTL compatible (one mad). In addition up 
to eight 18 pin OIL packages can be added to the cards tor user 
designed circuitry All 1/0 lines enter the machine via sockets on 
tho roar panel. 
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PIC SERIES MICROCOMPUTER 


PAGE 

NUMBER 


PART 

NUMBER 


DESCRIPTION _ 

"m, PIC 1650 MOS/LSi circuit 
array is o byte oriented pro¬ 
grammable controller rho array 
is a complete chip controlled 
with an internal cusiomer- 
definod ROM program specify¬ 
ing the overall functional 
characteristics and operational 
waveforms on each of the gen¬ 
eral purpose input/output 


FUNCTION 


8 BIT 

SINGLE CH/P 
MICRO¬ 
COMPUTER 


The PIC 16GJ circuit is exactly the 
same as the PIC fGEO except 
that the ROM portion of the PIC 
1650 has been removed. Any ex¬ 
ternal RAM or PROM can be 
used to aid m me develop¬ 
ment of a final PiC 1650 cort- 

tigvriilio.'i 


8 BIT 

SINGLE CHIP 
DEVELOPMENT 
MICRO¬ 
COMPUTER 















PIC1SS0 


Programmable Intelligent Computer 

r cATURES 

s User Programmable 

I KXST' '° r 

•' Art1hm«;c S LTuS PrOS ' am 

.* '"PWO-P- Lines. 

■ Self contained Oscillator 

■ Access to R AM Bogisiers inflerent lnstruc , 

DESCRIPTION 

mSS!S." r b V'eonented pro 9 r,„,- 
cost, stand-alone B-bS micro^ulrements tor a low- 
clrlp controlled with an internal clKSo', 1 ?”, ls a completa 
specifying tire o«r.“SSi? U o , hSrSSS" ,d R ° M P*?™" 
waveforms on each of the npnrn l and operational 

The array can be 1, .S , 0Urp0!e mput/output lines 
multiplexed displey s P controTm^d| t SCB " keybt>aras r drivs 
lights, control pnnters and tnrsAdl’ 3 ctachines. control traffic 

Since it cont P a/„?ftw ,0 R AM , 7i^ n ’“ i f 8as “ line > , ' J '"W- 
processing unitononedevicl A tnePIC165oTs S rr f* lhB CBn,ral 

bit micro-computer on one chi PC165018 trulyacompietes- 

W P £Sj S ,i S Th1ah11^; Channel IOn 

rellablllty and 9 piductS . P K?J'“’ proven 

supply is required tor operatfon^end Jn o S ' n ^ lB ‘ 5 ,oB P° W8r 

ed b^an S32S«*SK5S5!f.'rd«*" » S*P«t- 

pacltage includes C™s AasemSSr*? 8 Th «so-tware 
designed to run on the “ riTaSl™ S '™'; lor p ™ 9 ' ams 
minicomputer system levplR Tho 6 ’ 0 t me shBre and 


preliminary information 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 




wnimiWngTtoSkJkloSgToJadlJed^^JllS ? h “ bef ° re 

be interfaced into fha GIMini rtfuci ° ex b ty,t ^ eb0ardc en 
rmpfemented without the Inconvenienc^of reburning^RQMs 8 


BLOCK DIAGRAM 
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PIN FUNCTIONS 


Signal 

Function 

"osc (input) j 

Oscillator input. This signal can be driven by an external oscillator It a precise frequency ol 
operation is required oran external R/C network can be used to set the frequency of operation 
of (he Internal clock generator. The maximum oscillator frequency is 1MHz 

RTCC' (input) 

Real Time Clock Counter. Used by the microprogram to keep track of elapsed ttme Detween 
events. The maximum RTCC' frequency is 250KHz This register can be loaded and read by the 


program. 

RAO-7, RBQ-7, RCO-7, RDO-7 

User programmable input/output lines. These lines can be inputs and/or outputs and are under 

(Input/output) 

! direct control of the program. 

MCLR’ (input) 

Master Clear. Used to initialize the internal ROM program to address 777 B . Snould be held low 
at least 20 ua past the time when the oower supply is valid. 

CLOCK (output) 

A signal derived from the internal oscillator. Used by external devices to synchronize 
themselves to P'C timing. 


architectural description 


The firmware architecture of the PIC1650 microcomputer is 
based on a register file concept with very simple, low level, 
commands designed to emphasize bit, byte, and register transfer 
operations The primary purpose of the PIC is to perform logical 
processing, basic code conversions, formatting, and to generate 
fundamental timing and control signals for I/O devices. The 
instruction set also supports computing functions as well as 
these control and interface functions. 

Internally, the PIC1650 is composed of three functional elements 
connected together by a single bidirectional bus: the Register 
File composed of 32 addressable 8-bit registers, an Arithmetic 
Logic Unit, and a Control ROM composed of 512 program words 
each 12 bits in width. 

The Register File is divided into two functional groups: 
operational registers and general registers. The operational 
registers are addressed as F 0 to F8 (the first 9 of the total of 32 file 
ragisters) and include, among others, the Rea> Time Clock 
Counter Register, the Status Register, the Program Counter 


(PC), and I/O Registers A, 0, C and D (RA, RB, RC and RD) The 
general registers are addressed as F9to F31 and are used for data 
and control information under command of the instructions. 
The Logic Unit contains one temporary working register or 
accumulator (W Register) and gating to perform Qoolaan 
functions between data held in the working register and anyfile 
register. 

The Control ROM contains me operational program for the rest 
of the logic within the controller Sequencing of a micro¬ 
instructions is controlled via the Program Counter (PC) which 
automatically increments to execute in-line programs. Program 
control operations can be performed by Bit Test and Skip 
instructions. Jump instructions, or loading computed addresses 
into the PC. In addition, an on-chip pushdown stack Is employed 
with the return address register serving as tha top element ol the 
stack. This per mils easy to use subroutine nesting. Application of 
the +5V power supply initializes the ROM microprogram to 
address 777 e . 


REGISTER FILE ARRANGEMENT 


File Function 

FQ Not a physically implemented register. F0 calls for the contents of the File Select Register (tow order 5 bits) to 
be used to select a file register. F0 Is thus useful as an Indirect address pointer. For example, W+FQ — W will 
add the contents of the file register pointed to by tha FSR (F4) to W and place the result in VV 

FI Real Time Clock Counter Register. This register can be loaded and read by the microprogram. Clock keeps 
counting up after zero is reached. 

F2 Program Counter (PC) The PC Js automatically Incremented and can be written into; e.g., MOVWF F2 if 
cannot be read, however. 

F3 Status Word Register. The bits in thJs register can beset or cleared only by the Bit Set and Bit Clear instructions; they 
cannot be altered by other commands operating on F3. 



PC9. Tenth bit of PC for future use. Future ROM space of Si 2-1023 can be addressed with tnis bit set. 

C (Carry): Stores tha carry out on arithmetic operations, and acts as a bit link on rotate operations This cit is set 

high on an SUBWF instruction if the addition of 1, the one's complement of W. and 3 1 results in a carry 
DC (Digit Carry): Stores thecarry out of low order digit on arithmetic operation. This bit is set h igh on aSUBWF instruction 
if the addition of f, the one's complement of W. and e 1 results in a carry from the low order digit 
2 (Zero): Set If the result of the arithmetic operations is zero, 

F4 File Select Register (FSR). Low ordar 5 bits only are used. The FSR is used in generating effective file register 

addresses under program control When accessed as a directly addrossed file, the upper 3 bits reed as a logic “i". 

FB I/O Register A (RAi 

F6 I/O Register B (R0) 

F7 I/O Register C (RC) 

F8 I/O Register D (RD) 
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liisirumiOi! otl summary 

For an oscillator frequency of 1MHz, the instruction execution 
time (s 4 nsec, excopt if a conditional test is true or If the PC 
register is changed as a result of an instruction. In these two 
cases, the instruction execution time is 8 nsec 
In fho following PIC instruction descriptions "k” represents an 
eight bit constant or literal value, “f” represents a file register 
designator ana "d" represents a destination designator. The file 
register designator specifies which one offhe32PICf/feregister3 
is to be utilized by the instruction. The destination designator 


specifies where the result of the operation performed by the 
instruction is to be placed. If "d" is zero, the result fs placed in the 
PtC W register, if “d" is one, the result is returned to the fiio 
register specified in tha instruction, If the'‘d” operand Is omitted, 
the f register is assumed as the destination. T* and "d" may be 
numbers, characters, or symbols as described In the P|C 
Assembler and PIC Simulator Instructions. "C” represents the 
carry bit, “Z‘ represents the zero bit, and “DC" represents the 
digit carry bit 


GENERAL FILE REGISTER (6) (1) (5) 

OPERATIONS 


for d - 0. f--W 
d = 1, f--f 


Instruction (Octal) 

Name 

Syntax 


Operation 

Status 

000000 

0 

00000 

(0000) 

No Operation 

NOP 

- 

_ 

— 

000000 

1 

fflff 

(0040) 

Move W to 1 * 

MOVVVF 

f 

W -/ 

— 

000001 

a 

Ifltt 

(0100) 

Clear W 

CLRW 

- 

o -w 

Z 

000001 

1 

fffff 

(0140) 

Clear * 

CLR r 

f 

O-f 

z 

000010 

a 

fffff 

(0200) 

Subtract W Irom < 

SU8WF 

f. d 

f - W -d 

C.DC.Z 

000011 

d 

fffff 

(0300) 

Decrement t 

DECF 

l. a 

t - i-d 

z 

000100 

d 

fffff 

(0400) 

Inclusive OR W and f 

IORWF 

f. d 

WVf-a 

z 

000101 

d 

fffff 

(0500) 

AND W and t 

ANDWF 

l. d 

WAf-d 

z 

O0C110 

d 

fffff 

(0600) 

Exclusive OR ,V and f 

XORWF 

t, d 

WVf-d 

1 

000111 

d 

fffff 

(0700) 

Add W and f 

ADDWF 

t a 

W-*i—a 

C.DC.Z 

001000 

d 

fffff 

(1000) 

Move f 

MOVF 

f, a 

f—a 

z 

001001 

d 

fffff 

(1100) 

Complement f 

COMF 

f. d 

f-o 

2 

001010 

d 

fffff 

(1200) 

Increment f 

INCF 

1, d 

f‘ i -a 

7. 

001011 

d 

fffff 

(1300) 

Decrement f Skip if Zero 

DECFSZ 

f a 

f - i -a $kio if Zero 

— 

001100 

d 

fffff 

(MOO) 

Roiate Right f 

RRF 

1 0 

f(n)—d(n-i), f(0,—C. C-d(7) 

C 

00110’ 

d 

fffff 

(1500) 

Rotate Left < 

RLF 

t. d 

f(n)-a(n+l), f(7)—C C-d(0l 

C 

001110 

d 

flfff 

(1600) 

Swap nalves ( 

SWAPF 

I a 

f(0-3)*=f(4-7)—d 

— 

001711 

d 

fffff 

(1700) 

Increment f, Skip if Zero 

INCFSZ 

f 0 

M—d skip if zero 

- 



BIT LEVEL FILE REGISTER 
OPERATIONS 


Instruction (Octal) Name Syntax Operation Statu* 


0100 

Dbb 

fflff 

(2000) 

Bit Clear f 

scr 

i b 

D-f(b) 

— 

0101 

bbb 

fffff 

(2400) 

Bit Set f 

6SF 

/. b 

1 —f(b) 

— 

01 ’0 

obb 

fffff 

(3000) 

Bit Tost f. Skip if Clea' 

BTFSC 

f. b 

Bit Test f{b) skip if clear 

- 

0117 

bbb 

fffff 

(3400) 

Bit Test f, Skip if Set 

BTFSS 

f. b 

Bit Test f fb) skip if set 

- 




‘The 9th bit of the program counter in thePlCl650 is zero for e CALL and a MOV WFF2. Therefore, subroutines must be located in 
page 0. However, subroutines can be called from page 0 or page 1 since the RAR is 9 bits wide. (Page 0:0-255. Page 1:256-51 1). 
*‘lf X = 0, the address is in page 0; If X * 1, the address Is In page 1. The PIC assembler takes care of assigning the correct op codes. 


10C-4 


„ nW l 7fC B Y THE PIC1650 ASSEMBLER 
oTHEH instruction mnemonics regonized 


^ ^Instruction ( 0cts| ) | 

o1 00 000 00011 (2003) | 

010 1 000 00011 (2403) 

01 00 001 000H (2043) 

01 01 001 00011 ( 24A3) 

0l0 0 010 00011 (2103) 

0 ,01 010 00011 (2503) 

0-111 000 00011 (3403) 

01,0 000 00011 (3003) 

0 1H 001 00011 0443) 

011 0 001 00011 (3043) 

0,11 010 M011 (3503) 

01,0 010 00011 ( 3103 > 

0 0100D 1 f f f f < < l040) 

ooiooootfffi ( 1000) 

001001 if ftft <ii<2 

OOlOIOdfftff (1200) 

011000 0 00011 (3003) 

00t0l0dffff f (1200) 

011000 0 00011 (3003) 

000011 dffff* (0300) 

011000 1 00011 (3043) 

OOlQIOdfffft (1200) 

011000 1 0001 1 (3043) 

OOOOH d f f (* f ,0300 > 


Olio 0000001-1 

lOix kkkkkkkk 

0111 00000011 
101* kkkkkkkk 

OHO 00100011 
101* kkkkkkkk 

0111 00100011 
101* kkkkkkkk 

0110 01000011 
101* kkkkkkkk 

0111 01000011 

10V* kkkkkkkk 


Clear Carry 
Set Carry 
Clear Digit Carry 

Set Digit Carry 1 

Clear Zero 

Set Zero | 

Skip on Carry | 

! Skip on Carry 1 

Skip on Digit Carry 
Skip on No Digit Carry- 
Skip on Zero 
Skip on No Zero 

Test File I 

Move File to W 
Negate File 

Ado Carry to File 

Subtract Carry from File 
Add Digit Carry to File 
Subtract Digit Carry Irom File 
Branch 

Branch on Carry 

1 

j Branch on No Carry 

) 

, Branch an Digit Carry 

>> 

i, '[ Branch on No Digit Carry 


Branch on Na Zero 


Syntax 

Equivalent l 

Operatlon(s) I 

CLRC 

BCF3.0 

SETC \ 

BSF3.0 

CLRDC 

BCF3.1 

SETDC 

BSF3,1 

CLRZ 

BCF3, 2 

SETZ 

BSF3.2 

SKPC 

BTFSS3.0 

SKPNC 

BTFSC3.0 

SKPDC 

BTFSS3.1 

SKPNDC 

BTFSC3,1 

SKPZ ! 

BTFSS3,2 > 

SKPNZ 

BTFSC3. 2 

TSTFf 

MOVF f. 1 

MOVFWI 

MOVF f, 0 

NEGF, ifl 

COMF f. 1 
iNCF f, d 

ADDC F f, d 

BTFSC 3,0 

INCF f, d 

SUBCF f,d 

BTFSC 3,0 

DECF f. d 

adddcf f.d 

BTFSG 3.1 
iNCF f.d 

SUBDCF l,d 

BTFSC 3,1 
DECF f,d 

SK 

gotok 

BC K 

BTFSC 3.0 

GO TO K 

BNC K 

BTFSS 3,0 
j GO TO K 

BDC K 

BTFSG 3,1 

GO TO K 

BNDC k 

BTFSS 3.1 

GO TOK 

BZ K 

BTFSC 3.2 
GOTOK 

BNZ K 

1 0TFSS 3.2 

| GO TO K 


(1 x = 0, aadreas 
If * = 1, address 


is in page 0, 
fs in page 1 



Sample Programs 



js; OBJECTIVE: BCD 10 7 -Segmertt Code Conversion 


CONVRT 

TBLSTR 


' Digit Is displayed in either \/0 Register 5.6.7. or 8- F20 contains 
the BCD numbers 


Description 

program steps 

MOVLW TBLSTR ^e. ,0 «— 

rr convrt . 

W.OVWF 5 



Move the computed address into the PC 
MOV l .. : o in seven segment (atrcdefg) 

BETLW I n n o- ■ 1.n seven segment (ebode.g) 

RETLW BO 1 00 00 . „ mn MBmert (eocoeW 

RETLW i i V ' 3 ,n seven segment (abcdetg) 

f>ETLW ...,,0011' ■ 4 ,n ssven s0Sment |abclte,3) 

RETLW 90 1 0 0 , 5 ln se , en segment (ebcdetg) 

RETLW m ■ ■ 6 in seven segment (abcdetg) 

RETLW B0 0 1 7 , n seven segment (sbcoelg) 

RETLW B1110 oo . g n seven segment (abcdetg) 

RETLW , g rp seven segment (abcdetg) 

RETLW B'l 1 1 0 0 1 ' 








Electrical Characteristics 


Operating Parameters 

^cc Voltage = +5 volts 5 . 5 % 

V*x Voltaga - * 4 .75 V to MO.OV 
! cc Current = $0 ma lyoical: 75 ma max 
Temperature = 0"C to+50°C 
Storage Temperature Rang©- -55° C to •‘■150°C 
D. C. Parameters 

fnput Logic "r V| h = 2.4V min 

Inpul Logic 0" V|L * 0.3V max. 

Input Leakage (,. . is pA max. 

Input Capacitance C, » 5 pF max 

Output Logic ' 1 ” V 0H > 2,4V mm.® 100 uA 

Outpul Logic ”0“ V 0L » 0,4V max. @ 1.8 mA 

Output Leakage l 0t . r 5 pA ma*. 

Output capacitance C o »10pFan, 

A.C. Parameters 

08C Frequency I mhz 

flTCC’ Frequency 250 KC 


LED Direct Drive 


l&SZ caS,-' ' hB ° U ' BU ’ a " OWhS Mi ^ nl 

™ W l a * <typ.) 

® V , MV 2.5mA 

5V °.7V 4.2mA 

MV 5.8mA 

10V 0.7V 10.0mA 

W 1-0V 14.1mA 


I/O Timing 


increment 

. ADDRESS flOM 
FOR NEW 
INSTRUCTION, 
eg.. MOVE w->t 


GATE 
ANSWER 
— ONTO — 
INTERNAL 
BUS 


. EXECUTE 
JNS7RUCT<ON' 


WRITE 
TO I/O 


WRITE TO I/O 


-200300 
NSEC 
AFTER 01 


PIN SIGNAL 
VALID 



j/O interlacing 


The equivalent circuit for an I/O port bit lg shown boiow as U 
MOU ld interface with either the input of aTTL device (CPU CWPJS 
outputting) or the output ot an opan coilactor TTL device (CPU 
“ w : ja ipputting). Each I/O port bit can be individually time 
muttlptexaP Salween input and output function* undarsolPvata 
* „,£l. Whan outputting thru a PIC I/O Port, the data ,a latched 


et the port and the pin can be connected directly to « TTL gate 
input When Inputting data thru an I/O Port, the port latch must 
first be set to a logic T level under program control. Th-s turns 
off a 2 . a'lowing the TTL ooen collector device to drive the pad. 
pulled up by Qu which can source about 100pA. 
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PIC Field Demo Card 

°L Card iS used HO^Tha 

capability m ,he RiaJe organiralion wltn 1 PS 

card contains program. and logic to allow 

The ?ard ,ermina,e5 in ■ ^ 
plug to simulate the PlCIBSCs pinout. 
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PIC Assembler 

FEATURES 

■ Symbolic representation of alt instructions 

■ User defined six character symbols 
o Octal, decimal, hexadecimal and ASCII literals 

■ Expression evaluation. 

B Extensive assembly directives 

■ Full program and sorted symbol listing, 
a Extensive error detection 

DESCRIPTION 

RCieS “ s , semb '^ j co, ’ verts symDolic source programs for to, 
sullab,s code ' P'osmws for the PIC may be coded 

ILemb v L y ve, Sm3 rt mat ? MS a " d l8cbnldues to 

assembly level coding tor conventional stored program 

computers; The PIC assembler produces a binary paper tape 
output which may be loaded and executed by the PIC TTl 
Emulator or used to directly mask program on PIC chip. 

The PIC assemoler , s available in two versions ailowino 
FORTRAN^ 3 ."? 6 T e ' y 0 '“ ,T,pu,Brs ’ ksmion, coded in 
la?ne! com , ' ntendefl ' or “ se on PtWar mini-computer and 
arger computer systems and time sharing systems The other 

GMMlNl’ microrn 0 C r i6 °° assernbiy 'anguage executes on a 
GIMINI mlcracompute, with at least 6K words of 16-bit RAM 

USING PICAL ON G1MINI 

PICAT n o a nTh d . cimInT 6 ' 3 r5ader/puncb ° r ‘ "RuirM to use 
rit/AL on the GIMINi microcom puter system The PIT 

exen!rfp Bf * ,lra ' ‘° aded via thB ***" command 1H" !o 
t is typed ,n ‘ P(CAL Identifies the version in 
Idem r d , ass ly P ass ’ a " d requests source input device 

S3? T° ° EV7 ,H/L) " The '«4 “ 

wun l (low speed tape reader, i.e., teletype) or "H" (hloh sDSAri 

,hal 811 use ' rospons “ « < 8 ™"atX 

oontams valid 7 lave, ASCI, IL^Vl^ITT 

user m f, ^ ' SSP ° nSe * “ N ~ lbe as9e mbler requests the 
user to select a pass 1 listing option by printing “Listing? (Y/N)" 

mferf„n? ro9 :' m i S "" S i3 fo™“ Si 

references and undefined symbol diagnostics. 

Assembly pass 2 begins when “Pass 2? (Y/N)" Is printed at the 
end P, pass 1 . The “LISTING? (v/N>- Is prlnf.a ,o Slow The ufer 

moduT sTnT l,8,in5 a Ne ”' ' be d8vl “ upon " b| P h ,de <*|Mt 
module is to be punched is requested by “OBJ DEV? (H/L/N)” 

be ng printed. If the high speed lape punch is to be used “H“ is 
entered, if low speed tape punch is to be used, “L" is entered If no 

staTs wnTSth^T b8, ° r88r " Brin 3 lde "L"response, since pass 2 

r PMlSnedTn° me ° P> '° r is CT,6red ' ,h9 Sdu,ce ' a P 8 * 

eTnroH me appropriate reader belore the ophon is 

h msponT m m 1PMS 2 may b8 ,a,un b Yentering "Y“ 

is S t d essa98 Pass2 ’ WNlilfWisentersd, pass 


“C^Tay^ 

SOURCE PROGRAM FORMAT 

up & 

label operator operand comment 
Tne label and comment are optional, while theooerainr i« a i „ 

I n diwo d uIlo PreS8n , M Bnd " alure ,he ° perand dB Pends upon 
Individual operators statements should not 

approximately Sdoharaclers so the! assembled prooram, each 
printed on a teletype or similar terminal P ° ' da ? be 

LABEL 

position ^n'lhe' state contain*up 

characters, the first of which must be e letter (A-Z) a currenrv 
symbol ($), a question mark (?) or an ampersand f&i Th* 

r.Tr? , T e r ,ionaictoadtars,naybaa " ypp ^ a ‘' dbd 'A- 

OPERATOR 

An oparator follows the label field in a statement A statement 
mnemnnlf Up 10 SIX 8haradl8 ' s fl hd may be an mstructlon 
svmbohc cha 8 " f 5embly direc "' ,e ' Instruction mnemonics are 
symbolic character sfrings which represent the various Pir 

sTinqs useTT" 5 ' ASS8mb,y dirad,iyas are symbCTTamo^ 
strings used to represent certain actions performed by the 

r z :rr,i' does np ' Mni “ ^ 

the las, hi in a 51, e8St 0M bla " k Spaca ' "■ ,b8 °Parator is 
me last field in a statement, it may be followed bv a carrianp 
return, otherwise it Is followed by the comment field, 9 

OPERAND 

*" ° P ° yand ,oltows !b » s,a,8 ™="i cperalor separated by at least 

COMMENT 

prepaid' Z"1 **. ls , d0,tona ' ln a » statements and must be 
are oTTed O lh m ' d ° l °" ,:) Tr ® contents ol tne comment field 
are ormted dn the program listing but have no effect on the 

Sr"T ?*" Iibas ™ y se ™ 88 d °"« me 

to senar^ A ? er ' S a Sem,color '- Blank lines may be used 
readability 6 S,afem9n ‘ * 0rda ' * ^ance'program 
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K-; SYMBOLS 

t-:'- a symbol is a user oeflned character slnng whicn aopers in an 
operand and >s used to repfesent the value assigned to the 
symbol by tne assembler. A symbol is given a value by direct 
assignment via en assembly directive or by appearing m the label 
tleld of a statement, instruction ,'abeis are given the value of the 
assembly location counter associated with the instruction. The 
assembler recognizes (ho exclamation mark (i) as a special 
symbol for the currant value of the program counter 

literals 

Literals are cheracter strings which serve as sources of data, i.e., 
cannot be changed and are interpreted by the assembler as 
constants Literals may be expressed as octal, decimal, 
hexadecimal, binary and cnaracter and may be preceded by a 
plus (+) or minus H to signify sign. Plus is assumed unless a 
minus Is present. 

Octal 

soooo - s = optional + or *■ assumed 
o = 0-7; 0 to 7777 

Decimal 

a.dddd - s = optional + or * assumed 
•* leading character 
d = 0-9;0to 2047 


Hexadecimal 

sX'nhh’ - s = optional - or * assumded 

X' = leading characters 1 = trailing cnaracter 
h = Q-9, A-F; 0 to FFF 

Binary 

sB’Dbbbbbbbbbbb' - s = ootlonal - or ► assumed 

B‘ - leading characters, = trailing 
character 

b = 0 1; 0 to 1111111111H 

Character 

s“C" or ‘C - s = optional + or -, t assumed 

"or” = laading and trailing characters 
C = any ASCII characte’ 1 

EXPRESSIONS 

Arithmetic operators + and - may be used lo form operand 
expressions containing up to six elements An expression 
element may be a user defined symbol, the assembly location 
counter (l) or a literal. Expression elements ere separated by * or 
-and an expression is terminated by a comma, carriage return or 
a semicolon (;) Expressions are evaluated »rom left to right with 
no parenthetical groupings allowed 


ASSEMBLY DIRECTIVES 

ORG 

Symbol EOU 

Symbol = 

(Label) ZERO 


(Label) 


DATA 


END 

PAGE 

TITLE 


exp Set the assembly location counter of the value of expression 

Program assembly starts at zero by defeult. 

operand Assign the valuo of the operand to the symool. The operand may be a 

operand symbol, a literal or the assembly location counter symbol (!), If 1 is specilieo 

it may be followed by or-and a literal. Note that only one level of forward 
symbol reference is allowed. 

expression Zero a oiock of storage whose length Is specified by the expression. If a 

label is specified it Is assigned a value equal to the address of the first word 
in the block 

expr, [ expr.. ..expr ] Generate a data word for each operand expression The contents of each 
word ;s set equal to the value of the respective expression. It a label is 
specified it is assigned a value aqual to the address o f the first 
word generated. 

End of the program, the assemply is terminated on the previous statement. 
Advance the listing to the top of the next page, 
name Use the specified six character name in the listing page neadlng. 


PROGRAM LISTING 

The PIC assembler produces a listing of the assembled program 
containing the following fields: Line number; address; contents; 
label; opertor, operand(s) and comment. The address field 
contains three octal digits (eight bits), the contents field contains 
four octal digits (twelve bits) and the label, operator, operand(s) 
and comment fields are columnized to enhance program 
readability. Each page of listing contains sixty lines and begins 
with a one line heading. At the end of the program listing all user 
defined symbols and the number of diagnostics Issued are 
Summarized. 

BINARY MACH1NECODE 

The PIC assembler produces binary machine code punched on 
paper tape formatted tor loading by the CPI 600 resident loader. 


This format permits the program to be loaded into suitable 
CPl 600 microcomputer memory locations for execution by a P>C 
emulator. The paper tapes are formatted into one or more 
variable length binary records. Each record contains a fourframe 
headerand up to 132 data frames followed byachecksum frame. 
The first frame In each record contains a 001 except for the last 
record which contains a 377. The second trame contains the PIC 
assembly base address, the third frame contains 000 and fourth 
frame contains the numberofdata frames following in the record 
The last data frame is followed by record checksum frame which 
is used to verify the data when the tape is read. Each PIC 
instruction is punched in a three frame sequence which contains 
001, the least significant eight bits and the most significant tour 
bits. Address adjustments resulting from imbedded ORG or RES 
assembly directives result in a three frame sequence containing a 
000, the address edjustment and 000 , 
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DIAGNOSTICS 
The pic Assembler 
SYNTAX 
(-ABEL 
OP UNREC 
UNDFSYM 
DBL DEF 
MDEf SYM 
FILE REG 
BIT NUM 
OPRN VAL 

literal 

DEST 

PHASE 

7SYNTAX 

’’LABEL 

adr/dest 

7USE 
MEM LIM 

truncatn 


Is9ues the following diagnostic . 

Syntax error " ' he indte '" ,d error m dmcnd: 

Label illegal or missing 

Operator unrecognized 

Undefined symbol referenced 

Double or multi-defmed symbol 

Double or multi-defined symbol reforenced 

File Register designator illegal 

Bit Number designator illegal 

Operand value illegal 

Literal illegal 

Destination i/fegal 

Questionable synt^ 1dlf,6rent def,n,tion in P ass 2 m pass 1 

Questionable use of label 

Questionable address or destination 

Questionable use of directive 

PIC ROM limit exceeded 

Statement field too long, truncated 


™* h P a, C 9n SSem H D ' e 7 P J CAL1 nqui,es a G,MINI m ‘croeompu1er 

mount,ng the load module tape In either the low speed or mah 
ZZ‘:iT a Z7 " LL " < l ° a ' J ™»'°»« speed reader) 

Note that ap 0 v,a h ^ speed raad er) when at the monitor lave! 
Note that all user Inputs must be terminated by a cartiage ret n 
When the load is completed, a loader summary la p, , ed and7e 

entering Eo when at the level. y 

indlcates^ssemh^ra T" iSenWiM ,hs >" aaa . 

whh n “v|iow b p ”7"!i ■senriw”*^™,'IilCJ.' 
source - ~ - 

residant mn . ™ S ” C? ' ,uast ' control la returned to the 
resident monitor. Next, the user may select a separated tan! 
made oy r a s Dondlng t0 - SEp TAPES?|y wl( p “ 1 p 

mode rs selected, PICAL win paus , (a , M)N| ^ J a 


C V m7e7™Srw7h”'“du7 eni ' nS 

mounted in the appropriate reader, the GIMIN* STARTOra 

con,inuin3 ,he «■«"«* pSSS 
xzzizzr** ,ne -»— a - 

J ct tape output on the high speed punch low snap* r, 

i,a r 2,Sng and ■£££« 

prmted an^he rJZ.TS '‘ DEVCNFLCT " * 

^====== 5 =^ 

pail t ' S ' a "° Wln9 {tK UW '° raru " paaa ^ orreturn Is 




piC Simulator 

features 

0 Simulation of all PIC instructions. 

• Access to all PIC operational registers. 

■ Execute. Trace and Step Modes. 

• Console — Interrupt and up to eight program breakpoints 
g Real time clock simulation 

g Input/output simulation. 

■ Execution time accumulation. 

■ Symbolic instruction mode. 

■ Numeric quantities expressed In octal or decimal. 

description 

The PIC simulator (PICSIM) is a program which simulates the 
PIC1850. Programs assembled by the PICsymbolicassembleror 
programs entered manually may be quickly and easily debugged 
and verified using PICSIM 

The PIC simulator is available in two versions allowing execution 
on a wide variety of computers. One version coded in FORTRAN 
IV is intended for use on popular minicomputer and larger time 
sharing systems. The other version executes on a GIMINI 
microcomputer. 

PICSIM executes on a GIMINI microcomputer witn at least 6K 
words of RAM memory and a teleptypa or equivalent console. 
PICSIM is supplied as a relocatable load module which is loaded 
and executed using the GIMINI resident monilor. The user 
communicates interactively with PICSIM using a set of 
commands which are used to contro Ithesimulatlon environment 
and program execution, 

USING PICSIM ON GIMINI 

A terminal and a high speea reader/puncn are required to use 
PICSIM on the GIMINI microcomputer system The PIC simu¬ 
lator program tape i3 first loaded via the high speed reader by the 
loader command *'LH" To execute, command "E" Is typed in 
PICSIM Identifies the version in use and prints out “Command 
summary' 5 (Y/N)' 1 ’ The user responses with “N", if the printout of 
those commands are not required Next PICSIM will request the 
next command to be executed by printing "Command'’"To load 
the object tape, "LH 1 ' Is entered PICSIM will again request 
another command The user can then enter any of the commands 
described below. 

COMMANDS 

The following commands may be entered on the console 
keyboard whenever a command prompt is displayed Numeric 
quantities in commands, indicate by n, a, i,) in the descriptions 
may be entered in octal or decimal format. Decimal quantities are 
preceded by a period, i.e„ ‘MS*’is decimal 15 which "15" is octal 
15. Quantities displayed by PICSIM are always in octal If a 
command is unrecognized or contains an error, s "7" is display¬ 
ed followed by another command prompt. Alt commands must be 
entered as Indicated followed by a carriage return 

7 — Display Command Summary 

Bn, A— Set program broakpointn (0-7) at memory address a (0-7 
777). 

Bn — Remove program breakpoint n 10-7) 

B — Remove all program breakpoints. 

Cn — Continue program execution from the current breakpoint 
If optional n is specified, n subsequent program breakpoints that 
may be encountered will be Ignored. This feature is useful when a 
program loop Is to be breakpointed alter n executions. If the 
current program was not breakpointed. the message 'NO 
ACTIVE BRK PNT’ is issued and the command is rejected. 


OB — Display the currently specified program breakpoints. If the 
program was breakpointed, that breakpoint is preceded by 
If a console interrupt (CNTRL/C) caused a breakpoint 
C=address" 'S displayed. If there are no breakpoints set, 
“NONEtl" is displayed, 

DIIJ — Display the instructions from memory locations I to | 
inclusive in symbolic format. See note i. 

DMi,J — Display the contents of memory from location i to j 
inclusive in dump format. See note 1. 

DR — Display the contents of the W register, the RAR (Return 
Address Register Stack) and the 32 file registers. See note 1, 
DT — Display the accumulated program execution time in 
microseconds. 

Ee — Execute starting at memory address a. If a is not specified, 
execution starts at the current PC (File Reg. 2) address. Whan 
program execution starts, the execution time counter's zeroed. 
See note 3 

Fn — Inseect/cnange the contents of File Register n (0-.32). See 
note 2 

ta — Inspect/change the instruction at memory address a in 
symbolic format. See note 2. 

Lda — Loed memory from device d (H=high speed, L=low speed) 
starting at address a. 

Ma — Inspect/change the contents of memory address a. Sea 
note 2. 

Pdi,J — Punch the contents of memory on Device d (H=hlgn 
speed. L=low soeed) from address j to ) inclusive 
Rn —Set the interrupt repetition rate ton PtC machinesyclea and 
activate the real time clock counter. 

R — Deactivate interrupts. 

R? — Display the current interrupt repatition rate 
Sa — Step the program starting at memory aadrcss a. If a is not 
specified, stepping starts at the current PC (Pile Reg 2) 
address. 

Ta - Trace program executions starting at memory address, if a 
is not specified, tracing starts al the current PC (File Reg 2) 
address. As each Instruction Is executed, the contents of the PC 
(program counter) is indicated by the display "@aaaa" where 
aaaa is the current address. See note 3. 

W — Inspect/chenge the contents of the W register 
X— Exit to the GIMINI resident monitor. 

ZM — Zero memory. 

ZR — Zero registers. (W. RAR and File Registers). 

ZS — Zero RAR Stack 

ZT — Zero the accumulated execution lime. 

NOTES 

t. Striking console ney "C” while depressing the -'CTRL" key 
causes the console output to ba terminated on GIMINI Systems 
On time sharing systems the "Break” key is used 

2. Entering "/" opens the next location or register, opens the 
previous location or register. 

3. Striking console Reg. "C” while depressing the "CTRL" key on 
GIMINI Systems causes program execution to be suspended and 
interaction with the user resumed The display , "J'C@aaaa“ 
indicatea which instruction, i.e., aaaa Is its address, was about to 
be executed. CTRL/C acts just like a breaxpolnt. On timesharing 
systems the “Break" key is used 



A 
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ihiPU I/OUTPUT 

PICSIM provides for simulation of both input and outnut 

S“!I S ,h,OUOh PIC ,l,e «• 6, r, 8 (IOAJOBJOC 

IOO). Whenever an instruction sample file registers 5 6 7 or8 
he Mowing display is output on the console "ffiaaaa T.n 
USEC, ENTER IOREG DATA ‘ and program execution is 
suspended, in the display, “@a„aa" indicates the memory 
address of the instruction, "T=„ USEC" indicates the 
accumulated execution time and "l" Is a.B.C or D. Program 
execution resumes attar the user enters appropriate data 
Whenever an instruction places data In file registers 5 6 7orB the 
following display is output on the console: "@aaaa T=n USEC 
lOREGIsdddd" and program execution continues, Irithediselay 
@aeaa" indicates the memory address of the instruction, "T= 
USEC' 1 Indicates the accumulated execution time TisA BCor 

D and "dddd" Is the current contents of the register. ’ ’ 

SYMBOLIC INSTRUCTIONS 

The following symbolic Instructions may be entered into memory 
from the console: 

N0P COMF f,o BTFSS t d 

MOVWF f INCF RETLW j 

CLRW DECFSZ CALL i 

CLRF f RRF f,d GOTO x 

SU8WF f.d RLF f.d GOTOO i 

DECF f,d SWAPF f.d GOTOI I 

IORWF f.d INCFSZ f.d MOVLW i 

ANDWF f.d BCF f.d IORLW i 

XORWF f.d BSF f.d ANDLW < 

ADDWFf.d BTFSCf.d XORLW< 

MOVF f.d 

where f = file register 0-37 (0-.31) 
d = destination: 0 or W; 1 or F 
i - literal 0-377 (0- 256) 

X = literal 0-777 (0-.511) 


ERROR CONDITIONS 

PICSIM detects several error conditions while simulation 
execution of PIC programs. The followlno error ’ 9 ,h 
issued as a result of the indicated error condition* ft?** are 

massagais display* 

command Dromot is Issued. p eo an ° a 


STK OVERFLOW!' 

@aaaa, 

STK UNDERFLOW!' 
@aaaa, 

INVALID READ OF 
PC!' 


More than two levels of CALL instruc¬ 
tions have been executed. 

More than two levels of RET instruc¬ 
tions have been executed 
Tne program has attempted to read 
the contents of PC (File register 2) 
i-e., the program counter 



pic Debug 

DESCRIPTION 

PICBUG Is a debug program contained In a PIC1650, which will 
enable the user to debug hie PIC application program contained 
[n 512*12 01 RAM on the MOS PIC Emulator Card. 


PRELIMINARY INFORMATION 


PiCBUG contains the debug commands listed below (underlined 
items are typed by the user), the TTY service routines and the 
ability to terminate a langthy display listing, and Issue another 
command prompt, by the user depressing Control C. 


PICBUG COMMANDS 
1. SAa(CR): 

Example. 

SA200(CR) 

200 = 07142; (CR) 

$ 

SA200(CR) 

200= 07142.7 

201 * 10712:- 
200 = 07142:(CR) 
$A200(CR) 

200 = 07142:0(CR) 
SA200(CR) 

200 = 07142:0/ 

201 = 10712:0- 
200 = Q(CR) 

$ 

2 $Rn{CR): 

Example: 

SR20(CR) 

20 = 367:377 

.$ 

3. SLa(Cfl): 


SDAI.h(CR): 
Example: 
SDA202. 213(CR) 

200 17036 

210 12526 

$ 


6. SDR(CR): 
Example: 
SDR(CR) 


Inspect address 200 


inspect addresses sequentially. Note that “/" causes the next address to db displayed, that causes 
the previous address to be displayed and (CR) terminates activity 


.Modify addresses sequentially 


.Insoect/modify all PIC registers, W register is R40 e . 

;Mofifying registers sequentially is not oermitted — each register 
must be queried separately. 

loao memory contents of PIC instruction memory from the teletype 

reader, beginning at address a. If a is not specified, loading begins at tne origin specified on the tape. 
Punch memory contents of PIC instruction memory on the teletype punch, Deginning at address 1 
and ending at address h 

Display contents of instruction addresses 1 to h inclusive 


17777 17776 01106 12571 00741 00741 00777 

0S252 05252 12525 00000 00001 00002 00000 


Display contents of all PIC registers and W register 


000 121 

000 131 


100 404 
421 727 
172 200 
172 400 


303 313 121 
777 121 111 
556 55S 554 
000 222 111 


7. SEh(CR); 
Example: 

$E0(CR) 

8. $Bn,a(CR): 


Example. 

$B100(CR): 


Execute program from instruction address a. 3y default, a = 777 8 . 

Set and execute program to preakpoint at address a. The breaxpoint is automatically removed upon 
execution The program continues from the last breaKooint upon setting a new breakpoint. If the 
previous breakpoint is not specified, the program is executed from 7?7 B 
Set breakpoint 0 at address 100 and execute program ( rom adoress 777* to address 100 e 

Trace (step) program one instruction at a time. Displays the contents of the Wregister each time, use 
the breakpoint command to get to the desired starting address 


1 DC-i 9 





STATIC RANDOM ACCESS MEMORIES 



















POWER DOWN OPERATION 


Th p ra- 3-4256 anu RA-3-4258A nring out, to sepacat* pms, the 
Hrcull SutSe, « memory piano supply (V c „) and .ho pe- 
Circuit f ULH ' ’ DClly . WtC |. Thasa three connections, 

UnUho "power Down inpJ? allow etttrernoly ftatble control of 
i„e memory “odna •»"<»» a "" /or raduMd ,ol,aa ° ! "" J r,0,,e ' 

dissipation operation. 

m t r tittle memory *ne memory ceil is e flip flop ,n ort * r 
retain tnfonmlloth one side of the flip flop must be on coni no- 
ojs’.y Thus the static, memory power dissipation ie Higher than 
“.Vndnld memory end techniques for redddna M. d ».pa- 
ticn When ;h© device is In the standby condition become att.ac 

live for the system user 

The power clown pin (PD pm 15) labiate, .he W »» •» 
address decoders, so that Incorrect data cannot be «d«6n J 10 
.he memory whenVn- is net within Its specified limns. Even It V™ 
Slued by a battery, if Vet falls In a manner such thauh 
fliw circuitry considers itself to be In a writs mode .or a short 
Interval of time, thenlalsedata will be written into the mammy. To 
prevent this troth happening, PD Is driven Id* bV e» 9 ™l (Power 
Down In) that senses Vcc ingoing below its allowable ih«MM 
| S usually done by monitoring the power supply a AC, npul 
voltage. Fig. i shows the timing required before Vcc falls, to 
preserve c memory with a battery backup on Vm 
TO prevem miswriting a data word, the tall of the PS signal must 
not intersect the ftAV pulse. Otherwise, the write operation may 
% be complete at a gin address wft.lt «S falls. The fall of Pd 


during tnisfiM pulse would prevent that address (end ml others) 
from having access to the memory section ot the,levied The 
'stomal gating in Fig. 1C disallows PB from falling during awn.e 

Battery backup lor v» can be accomplished as showr.Iri Pg_ Z 
The germanium power translator (2 Nj61Z) is u->eci here -■ 
ISwar dldde Fo, a card with ,0 BA-3-4266'5. Van would draw a 
mayimum current of SOOmA.Th*2N3B« would have a maximum 
collector emmlter voltage drop ol .25 V dc a! 500I mA_b«ae 
Durino norma, operation, it V« varied from 4.75 to M volts, v„o 
would vary from 4 5 to 5.00 volts, which la within the °P® ra *"9 

spocificahon. In the power dowr. mode, Vns would be aopplta by 

the 5v standby battery. The battery voltga could tall from 5v to 
a 5 v (which would bn Irorn 4 25V to 3.75V lor Mod because ot the 
rillcon diode) and still Ksso the memory alive. 

Once the memory is powered down so that the total supply 
currant is reduced by a (actor ot 2 (since V,c - 0 ontl Is not 
drawing any current,!can be reduced *** JPJ**£ 
volte on Vw - pin 1 This back-biosos the substrate widen 
reduces the current drawn inaach fhp-t)op Inthe memory dumng 
this memory hold state. The ~5 volts on* “*™^*!* 

ratninthe Information In the memory and must - . 

0) before writing into or reading from the memory 
Thus, using lhe power down mode and placing --S vote oMhe 
substrate, total powerdlssi^ted wouW be reduced7S,^f 
maximum of SOOrnW (5vx 100 mA) to 125 mW |5vX 25 mA) 


w cc 



„ atm. Flg.lb POWER DOWN GATING 

Flg.la POWER DOWN TIMING 3 



















ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vcc Vdo and input voltages (with respect to QND) .-0.3V to *9 ov 

Storage Temperature. -BS'Cta mwt 

Operating Temperature. c ,» c |0 „ 70 o C 


’Exceeding iheao ratings coufd cause 
permanent domage. Functional operation of 
2j evices * th * 6e conditions Is not 
imgtod-operatmg ranges « r0 specified 


Standard Conditions (unless otherwise noted) 

iit 5 ^ ±5% ^ Vc< 15 th< !' P on f' flsral circuitry supply for the RA-3-4256/42S6A 
and the power supply for RA-3-4266B.) * 

Vair,.^ QND tt <V “ “ lllt! l,!0ra " y cal1 su P oly l0 ' the HA-3-«66/425SA.) 
Operating Temperature <T A ) at q-q t0 + yo<=c 
Output Loading One TTL Load, Cp<. r ,„ -- ioqoF 


Characteristic 


DC CHARACTERISTICS 
input toed current (a!iinputsj 
Output leakage current 
Output loakago current 
Input low voltage 
Input high voltage 
Output low voltage 
Output high voltage 
Input capacitance (ail inputs) 
Output capacitance (all 
outputs) 

Total Fewer Supply Current 
Power Supply Currant 

Power Supply Currant 

Power Sup ply Current 


Sym 


Iloh 

l u; , 

V„ 

V,„ 

V w 

Vox 

CtN 


Min 


Ty P" 


AC CHARACTERISTICS 

Access Time RA-3-4256 
Cycle Time RA-3-42S8 
Access Time RA-3-4256A 
Cycle Time RA-3-4S58A 
Access Time RA-3-4253B 
Cycle Time RA-3-42SGB 


T cvci.t 


T A c 
T cm 


10 

60 

30 

30 

60 


Units 


-id 

0.65 


too 

£0 

60 

100 


500 

650 

050 


yA 

j(A 

«A 

V 

V 

V 

V 
pF 

PF 

rnA 

mA 

mA 

mA 


Conditions 


POWER DOWN 00 CHARACTERISTICS (RA-3-42S6 t, RA-3 «S8A ONLY) 
Power Down Siok Current j ] pn j _ • 

Memory hold voltage y‘ 375 

Subsirfliii Power Supply J y 8S 1 5 

Supeirate °ower Supply 
Current 


Typical values are at -“25° C and nominal voltages 


uA 

V 

V 


Vi fJ =OVto5.25V 

Vi>i;t=4.0V 

Vour«0.4V 


los.^l.BiTiA 
iosrpl OO^A 
fr-1 MHz 

M MHz 

RA'3-4266, RA-3-4256A 
RA-3-4256, RA-3-4256A 
fiA-3-4256, RA-3-42S6A 
RA”3'42568 


See Timing Diagrams 


Vrn--0.4V 

Vce-0 

-5V InPower Down Mode only 


TIMING DIAGRAMS 
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.JX 

; .’ 






1 

I 


i 


4 


J 


| 

I 



typical characteristic curves 



TYPICAL OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


TYPICAL OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 


TYPICAL Iod VS. V is 
(for memory hold during power down) 



TYPICAL POWER SUPPLY CURRENT 
VS. TEMPERATURE 



Tau; (Typical) VS. CAPACITIVE LOADING 



Ta«.< VSI. TEMPERATURE 
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4096 Bit Static Random Access Memory 



FEATURES 

is 4096X1 Organimation 

* Static Memory-no refresh required 
8 TTL Compatible Inputs (except CS) 

■ TTL Compatible Output 

■ Wire-Or’able Output-under control of a ‘Chip Select’ input 

* High Speed; 2tSns access time, 400ns cycle time 

■ Low Power: typically 45GmW operating, 35mW standby 

* Pin and Voltage Compatible with Popular 22 pin 4K 
Dynamic RAMs 


DESCRIPTION 

The General Instrument RA-3-4200 is a 4096 bit static Random 
Access Memory ideally suites for memory system applications 
where there is an advantage in utilizing astatic memory without 
sacrificing the high speeds that current dynamic memories offer. 
The RA-3-4200 is fabricated in Gl'sadvancco GIANT II N-chan- 
nei Ion implant process and features a fully static memory celt to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility exceptfor <j-H2Volt Chip Select which dynam¬ 
ically accesses the memory 

The RA-3-4200 is a direct replacement in pm connection and 
oDerail on for Ihe EM&M/SEMl 4200. 


PIN CONFIGURATION 

22 LEAD DUAL IN LINE 




t 

i 


f 

1 

j 


I 


1 

i 


BLOCK DIAGRAM 



OPERATION 

The 4096 static bits of memory are organized in an array of 64 
rows by 64 columns The memory cells are loaded or interrogated 
by simultaneously decoding the X address A 0 through A e for the 
rows (see Block Diagram) and the Y address A 0 through A., for 
the columns Each column contains s presonse amplifier, the 
outputs of which are "OR-ed" and connected to the output TTL 
biiflor. Each bit or memory cell is a standard flip flop consisting of 
p t , fi 2 . Q2D and G4D with two access do vices (31D and Q3D (See 
Figure 1) The load resistors Ri snd R- £ are 60 megohms typical 
and connect to the V DD supply O to and Q3D are usod to connect 
tns ceil to the sense lines whenever Ihe x access line is high In 
the read mode the cel! pulls one of the sense lines lovr from its 
normally high state. The selected preserve circuit detects the 
differential voltage ori the sense fines and amplifies It. In the write 
mode one sense line is forced low by the presense circuit and the 
selected call assumos the state of the sense linos 


Chip Select 

The Chip Select controls the operation of the memory. When Ino 
Chip Select input Is high the Input address buffers, decoders, 
sensing circuits and output stages are held in the "off" state and 
power Is supplied only to the memory elements When the Chip 
Select input Is pulled low, the memory is enabled The Chip 
Select negative going edge clocXs the TTL logic level addresses. 
fi/W, and data input into "D" type flip Hops, end enables the 
output stage 

Data Output 

While Chip Solect is high, the output is high impedance to allow 
"wira-or” connections. When Chip Select goes low, the output 
data will be presented within the spocifiod access time, and will 
remain until Chip Select goes high again, The output data signal 
is; specified to drive any TTL series. With good noise mmunliy at a 
fan-out of 1. Output data is inverted with respect to the input data 



Battery Oparallon/Power Failure Data Retention 

The memory cells (because they are cross couploa high 

Impedance static colls) will retain data down to V 0£) = 4V. 

Input Circuits — R/W Select, Data in and Address input 

The input signal Is latched by Chip Select and can change after 
the specified hold time The inputs can bo driven from standard 
TTL open collector outputs with pulf-up resistors The Input does 
not put any DC loading on the TTL driver. 

Read/Write Mode Belect 

To WRITE, the R/W Input should be high prior to Chip Select To 


READ, tne R/W Input should be low prior to Chip Select. When 
Chip .Select goes low. ft/W Is latched Into a register. 

Data In 

During a WRITE cycle the Data 'n (either high or low) should oe 
stable prior to Chip Select When Chip Select goes low, ff/W Is 
latched into a register 

Address 

Addresses should be stable prior to Chip Select WhBn Chip 
Select goes low all addresses are latched into an Address 
Register. 


11-0 


11-7 












noting 

Sym 

Value 

Unit 


^“Vuu 

5 to+ 15 

v<tc 

Supply Voltages 

v«, 

+ .5 to-7 

VdC 


v« 

I-.5 to -r 

Vdc 

input & Output Voltages 




(Except Chip Snlact) 

V„ v„ 

V«10t15 

Vdc 

Chip Select Input Voltage 

V,* 

Vs* to+15 

Vdc 

Power Dissipation 

Pi. 

1.6 (Note 2) 

w 

Operating Ambient Temperature Range 

T,m* 

0 to +70 

*C 

Storage Tempsrature Range 

- 

-65 to+150 "C 


Tills envfce contains circuitry to protaei <m -lputa againsi 
(Jomftgn.lue to lilflh static ven»gssorol«olrietlstJ[.,ncv<cv«r. it i, 
uflvi$«d thauiormal precaution! Qe taken to avoid application r>| 
oriy voiinge hiptier than maximum <atad voltages to ttua hi»K 
impedanea circuit * 


T ” v '" v '"" nrv: eiceeaao t-UftCUOn&l operation 

Mtouid be- restricted to HEOOMMENOED OPS PA TING CONDI- 
TIONS. F.xp&f.ura lo higher thun lecomnicr.dcd or moxhnum 
vollagfa lor extended period# or lime could aticci dovic« 
reliability 


NOTE 2: At 25*0 amoiisni Etareie 13.3m WC 


RECOMMENDED OPERATING CONDITIONS Taws. - d°C to 70*0 


Parameter 

Sym 

' Min 

Norn 

Max 

"“unlT 

SupplyVotiage 

Vim 

11 4 

12.0 

12,6 

Vdc 

Output fielerence Voltage 

V»r 

4,75 

5.0 

5.25 

Vdc 

Substrate Voltage 

Vs* 

-4.5 

-5 

-5.5 

Vdc 

Input High Level 

ViH 

3 

— 

5.25 

Vdc 

Input Low Level 

V„ 

0 

_ 

06 

Vdc 

Chip Select High Level 

Veit 

Vwr3 

V| S! 1 

V u i,+3 

Vdc 

Chip Select Low Level 

Vei 


- 

0.5 1 

Vdc 

r 


DC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted) 


Characteristics 

! Sym 

Min 

Typ 

Max 1 Unit 

Conditions 

InpulCUrrent 

Lx 1 

0 

±10 ! 

2100 pA 

Vis -0.SVor5.0V 

CiiipSetect Input Currant 

' to. 

— 

r no 

±100 

1 

»»« 0.5V or 12V 

Output "Low 1 'Voliage 

[I y«« ' 

— 

, 0.3 

6. S ! 

Vdc 

In® 2.0rnA Fig. 5 

Output "High" Voltage 

“ Voh 

2.7 

t~h5 “ 

Vri 

Vdc 

lo-500pAFiq.5 

Output Current (Unsekcted) 

[ l|» 

- 


-50 1 


Vn. - 2.7V,Vrs+12V 

Supply Current (Selected and 

Averaged overorw cycle) 

lull 


| 36 

50 | 

rnA 

Vl:t.+12V 

CSW=215nsoc 






V*,*-+5V 

TC» 400 nsec 






Vs\*—5V 

For Other Conditions, See Hg.3 






T. M »=*+25 D C 

Supply Current(U.nselocteci) Taws - +25® C 

lum ! 

- ; 

. i.. 

5 

mA 

Vi)H-+12V 

Supply Current (Uneetected) Ta#« ■ +70*C 

IliCU 


i 4.5 

„1S j 

mA 

Vri “+5V 

Substrate Current 

liv ; 


-2.2 

-3 

mA. 

V«»-5V 

R eference S upply Current 

Ur ! 

_ i 

| 50 

100 

mA 

Vc.,--+12V 

Standby Current at Redyced Voltages 

TA»»«+a6*C 

lari' 

- 

0.6 

2 

mA 

Viv = 4V to 15V 
V ra: ~4V 

V.-.:,=-5V3:10% 

Vri =OV 

Standby Current at Reduced Voltages 

Tams^^-ZO’C 

luM j 


1.8 ; 

6 

IT,A 


AC ELECTRICAL CHARACTERISTICS {Full Operating Voltage and Temperature Range Unless Otherwise Noted) 


| Chsraclorlsllcs r Sym j 

Min 

1 Typ 

Msx 

| Unit Fig 

Chip Select Road Puteo Width 

T«R 1 

215ns 

[ 

1ms 

— 

1 

Chip Select Write Pulse Width 

Ttsv. | 

215ns 

- 

Inrs 

- 

2 

Chip Select Riseand Fell Time 

TcR.Trr 

— 

10 

so 

ns 

1S2 

Set Up Time 

TP 

0 

— 


ns 

1M 

Access Time 

Ta 

._ 


215 

ns 

1 

CycleTime, T, * Ter - 10ns (Read or Write) 

Tc 

400 

-- 

- 

tis 

1&2 

Data Hold Time 

Ta 

100 


— 

ns 

142 

Output Recovery Time 

Tr,R 

! 10 

15 


ns 

1 

Read Recovery Time 

r Ten j 

ISO , 


ns 

1 

Write Recovery Time 

T,w* 

j 150 f 

- 

! ns 

2 . j 


CAPACITANCE (Over Full Temperature flange end Worst Case Voltage Conditions) 


Charttelcriitlc# 

Sym 

Min 

- lir 

Max 

Unit 

Cbnditian* 

Input Capacitance (Except Chip Select) 

Ci„ 


6 


. 

pF 

. J 

Input Capacitanca Chip Sdocl 

" A< ' 

— 

So 

- 

..„P p 

Vci - 12V O r 0V 1 

Guptut Capacitance 

Co 


3' 


PF 

Vo i=2V j 

...Y« & . 1 2V_ j 
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RA-3-4402 


4096 Bit Static Random Access Memory 


FEATURES 

i* <1096X1 Organization 
i* Static Memory-no refresh required 
8 TTL Compafiblfl Inputs (except CSj 
8 Differential Output-two cornplarriantary Data Output signals 
are provided, 

a Wiro-Or'ablo Outputs-under control of a 'Chip Select’ input 
n High Speed: SOOns access Unto, 350ns cycle time, 
si Low Power typically AOOmW 


DESCRIPTION 

The General Instrument RA-3-4492 is & 4,096 bit static Random 
Access Memory ideally suited for memory system applications 
where there is an advantage in utilizing a static memory without 
sacrificing the high speeds that currentdynamic memories offer 
The RA-3-4402 is fabricated in Gl’e advanced C3IANT li N-chan- 
nel ion Implant process and features a fully static memory cell to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility except for a-MSlVolt ChipSelect which dynam¬ 
ically accesses the memory 

The RA-3-4402 ts a direct replacement in cin connection and 
operation for tho EM&M/SEMI 4402. 






OPERATION 


The 4098 Static bits Of memory are organized l r an array of 64 
rows bv 64 columns The memory cells are loaded or Interrogated 
by Bimullaneouely dnccomg tho X address A0 through AS for tho 
rows (508 Block Diooram) MO «« v «»'«' As through An lor 
the columns. Each column contains a Emm amplifier met 
outputs at which are "OB-od" and connected lo the output stage 
Each bit or memory cell is a standard flip flop consisting c! R1, R2 
Q2D and QdO withtwo access devices 0113 wul Q3D (See Figure 
1 ) The load resistors R! and R2 are 60 megohms- lypica' and 
connect to the V M oupply 01 0 and Q3D are usedip connect the 
cell to the sense linos whenever the X access fine Is high, n the 
read mode the cell wilt pull one of the sense lines low from ite 
normally high stale The selected presense circuit will detect the 
differential voltage on the sense lines and amplify it. in the write 
mode one sense line Is forced low by the- presense circuit and the 
selected celt assumes the state of the sente tines 


Data Output 

One of the two outputs wilt source current t DO forcata originally 
input at Vm. DO fordata originally input as Vn ) With the output 
load ns shown In Figure 2. the volt,age at tho output sourcing 
current (Von) will approach a value between 0.35V and 2V (typ¬ 
ically IV) above ground. The voltage at the other output (Vm.) will 
be below 100 mV A differential amplifier is used to detect the 
polarity of the signal. A differential output of 2SmV (Vtun) or more 
is considered a valid output 



Fig.2 OUTPUT LOAD 



Flg.1 MEMORY CELL 


Chip Select 

Thechlp select controls the operation of tho memory When the 
chip select Is low the input address buffers, decoders, sensing 
circuits and output stages are held m the‘'off" state and power is 
supplied only to the memory elements When the Chip Select 
goes high ihe memory Is enabled The Chip Select pulse clocks 
the TTL logic level addresses, 8/W, and oBta input into ‘D" type 
flip flops and enables the output stage 


Battery Cperatlon/Povver Failure Data Retention 

The memory cells (because they are cross coupled hign imped¬ 
ance static cells) will retain data down to Vue 4V At Voi> = £ V. 
the typical power dissipated is luw/bit 

Input Circuits — ft/W Select, Data In and Address Input 

The input signal Is latched by Chip Seloci and car change after 
Chip Seinet Is high The Inputs can be driver; from standard TTL 
open collector outputs with pull-up resistors. Tho input doss no* 
put any DC loading on the TTL driver 

Read/Wrlte Mode Select 

To WRITE, the H/W Input should PC HlGM prior to Chip S sleet 
To READ, the r?/W Input should be _OW prior to Chip Select. 
When Chip Select is high, RAM is tarched into a register 


During v WRITE cycle the Data in (either HIGH or LOW) should 
bo stable prior to Chip Select. When Chip Select Is high, Data In is 
latched 'nto a register 


Addresses should bo stable prior to Chip Select. When Chip 
Select is HIGH all addresses are latched mto an Address 
Register 










Supply volt; 

?nput& Out) 
Chip Select 
Pow er Diss i; 
Operating A 
Storage fen 


mum H at in GS (-See Note t) {.Referenced %t 
Rating | Sym 


Inputs Output Voltages (except Chip Select) V-, V c 
"Chi p Select Inp uTvoiia ge ~ " __Vts_ 

Power Dissipation Pr. 

Operat ing A mbient Temporaturo Range _ __ T,,mh 

Storage Temperature Range TVm 


] Value unit 

— ---—— Tm& dpvicu conning circuitry to protect (no inpola again-. 

-0.5 lo •>15 Vdc darogoCuolohigh Jlwlcvoittg 5V ure.’octric fields.however,in* 
■ "'r-o VVjvVT' Vd? -- orfv!aa<|f trial normal precautions he taken lo avoid application 0T 

.~Zz.-~12.JL'. -iSS_ ony voltage higher man maximum rated vouaeco to this hloh 

VsktO+16 VdC rnipsdonrg circuit * 

u,v 4ft+ 1 « vTTn Noto1; P e "naroril device domagg miy occur If iU350LUTF 
MAXIMUM RATINGS are exceeded Funclional ooemtlon 
i ft /M/\Ia9\ \M should ho restricted tn BFfnMUFNn npi-OArinn 


Vsx tO + 1 5 Vtlc 
t.6 (Note2) ~ ~ \V 

0 «> +70 °C 
-•6'5 to +150' ; C 


should 60 restricted to RECOMMEND OPERATJMp CONDI¬ 
TIONS. Ctpoeure io higher then recommended or hi&xiimjm 
voilsges for sxlondeo periotic o( line could affect dtivlc e 


RECOMMENDED OPERATING CONDITIONS 1 a -= C°C to 170“C 



DC ELECTRICAL CHARACTERISTICS {Pull Oporating voltage & temperature range uni 
Characteristic!! Sym 

Input Current (except Cnip Select) j—-Li'- 

_____ | Vir ~ Q.ov (V<s Vcn) _to__ 

" 'unselected Input C u rrent (V-,s = Vo.) V - 5.4V ____ l» _ 

_Chip Select H igh In put C urr ent, D C ;V ,.s - 12V) __ kn " ' 

Chip Select High Input Current, (Pulse Peak) 

______ Vet — 12V Tru -- 25ns _Icy_• 

Chip Select Low Input Current (Vcs - IV) ___ k.. 

** Soady Current, (7 w - 25*C, V< } », vZ. j UnselectetT ’ ~\ QW 25°G 

— ngminar, all VI ■■ max V|i. DO, DO ’• (Chip Selesf ~ 0 Vi W t 7tTC 

lerrnsnatod as Shown in Figure 2j_ [^iT 

Selected ~ . 

Chip Select «• -.2V. j-~- J 

___ __50% d uty cycle __ _____ 

Standby Current at Reduced Voltages 25 C C bm 

""y c ~ r 4V, a aV, V,,^QV ' _~ _7«£___~ law _ 

Substrate Current* atReducedVoitage 25°C Vcs^C ~ 

____VSX = -3_(,_»_j 

~ 0~tput Low Voltage Terminated p er Figure 2 T«w ==) ns ec V„j 

__Outp ut High Voltage T ermina ted p er Figure 2 7 ^ ,/ -•* l^sec _ Vi-a: _I 

Output Disabled Current V c , = OV, Vox - 2V la*. i 


j otherwise noted) 

Min T Typ 


Max l/nli 

2S ~pA 

<5 _p.ft _ 

/, A 

jo___mA_” 


— _ le r _70_ -_ 

' iu - 2 “ 3 r 

T~Toi) i; 25°c l “ 1 5 




~ J ~v3 mA' 

22.5 mA 

-g rr>A 


~~g - J -y" 

~=1Q~\ uF" 


AC ELECTRICAL CHARACTERISTICS (Full Opsraling Voltage anu Temperatura Range Unless Otherwise Noted) 
__ Cheractor.'abcs Sym Min Typ i Max 

Ch ip Se lect Rea d Pulse Width __Tc.ii_ _ JOP _ _ ~ __ « 

_C hipSe lect Read Recovery Time _ ; _ Tt^s__ 125 — _~«T 

_ Chip S ele ct Write Pu lse Width __ T<>.v ,_2 00 _ — _»_ 

ChlpSele C tVVriteR ecove ryTim &_Tyva_125,_^_ ^ _ 

Ohip SeleotRTsg Time ~___”_____T f *__ ~ _ to _ 50 

_' chipS9lectFa»firrie ~ " T ' Tc -- __ — ._io___ 50 * 

Set Uptime ______T?_ ) Q _—____ -- 

Hold'Ume (Address and D ata)_ _ ___Tir__ SO. . — _ ~ : 

Access Time (ft^lOrls) " f,_ ~ ____ 2pO_' 

Cy cle Time (Read or Wn ie, Tc». 10 m;, T r y - 10 ns)_7 t _ _350____—____ 

Data Recovery ’ ” Tra 10 15 



CAPACITANCF. (Over Full Temperature Range any Worst Cage Volt&ju Condition?) 


Characteristics 

Sym 

Min 

Typ 

Max J 

Inpul Capacitance (except Chip Select) 
V*i “2.4V, Vcs = 12V 

C, 


< 1 


Chip Select I npuf Capacilance 

Cr.i 

— 

50 

— 

Oulpul Capacitance (V»= Z.pV Vcs r 0) 

Co 

~~ 

_i_ 

- 


timing diagrams 



TYPICAL CHARACTERISTIC CURVES 




Au iN?ur:; tfw 
CHIP SELECT - ® VCCTE , 
suesnurE vOLTMifi - 
ST11 OUTPUT T£BM»MTI 


ALL INPUTS 

C*1P SELECT.', 
reivrcRAiunr. 
SID OU'R'Jt Tl 


; DD VS. V DD AT VARIABLE V S x 


loo VS, Vdd AT VARIABLE TEMPERATURE 































PAGE 

NUMBER 


PART 


MEMORY 


NUMBER 


ORGANIZATION 


CR205Q 


F.R2051 


ER1105 


ER14O0 


12-12 


ER2401 


ER2405A 


ER3400 


ER3401 


ER4WB 


ER3MS 


ELECTRICALLY ALTERABLE 
READ ONLY MEMORIES 













ER2050 


ER20S1 


—i 


512 Bit Electrically Alterable Read Only Memories 


FEATURES 

a 32x16 Organization 
o &-BI1 Addressing 

■ TTL Compatible 

■ Chip Select 

a Word Alterable 

a 10 Year Unpowsrod Data Storage 

■ lOws Access Time (ER2060) 

* 3jte Access Time (ER2051) 

a Write/Erase Time I00ms/word (ER205G), 

50ms/word (ER2051) 
u +5, -28V Supplies 
» No Voltage Switching Required 
NOTE. Use ERSOSi for all new designs. 

DESCRIPTION 

The ER2050 and ER2051 arc fully decoded 32 * 16 electrically 
erasable end reprogrammable ROMs, Write, erase, and read 
voltages are switched Internally via a 2«i>it code applied to Ci and 
C2. 

Data is stored by ap plyi ng negative writ) ng poises that selectively 
tunnel charge Into tha oxide-nitride Interface at tho gate insulator 
of the 612 MNOS memory transistors. When the writing voltage fa 
removed the charge (rapped at the interface Is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors 

Two TTL compatibla control pins switen voltages internally for 
write, read arid erase control. 


Data is stored in a two transistor memory cell. After Ihe cell Is 
preconditioned by an erase signal (which lowers the threshold of 
both transistors), data is written into one of the transistors 
lowering its threshold. A sensing flip flop is used to read the 
memory celt and presents a logic high or low to the output 
depending on which transistor is •‘written". 

It is important to note two things: first, that an erase is required 
before a write to precondition the cell, and second, that after an 
erase, both transistors will have the same threshold voltage and 
valid data will not be present at the output. 

PIN FUNCTIONS 


PIN CONFIGURATION 

23 LEAD DU At IN LINE 




5-Bit Word Address 
ObM input ond output pins 

Chip Select. Chip selected hi logic "V. When chip seise: .?• ct logic “O'', output? are open citeiii:. read, wr*se and ersso 
are disabled Power ts reduced 
Mode Control inputs 
Ci C2 

1 i Hold Mode: output data from previous read opEration storea si output pin}, (For Ihe ER2050 only. This code 
ts "read modi*" for the ER2051) 

0 * Crow Mode; stored date is erason at addressed location 

1 0 head Mode addressed unta lemi after clock pi use. Output data retained at output pins until next read operation 

0 0 Write Moce: Incut data written at addressed location Clock not required 

NOTE Cara must be oxer owed to ensure that CS Is hoid at logic “0" during powoi up or power sown to protect all 
addresses (rent spurious write or eraso inputs 

Cock Input, Puisoto logic"*” for read operation The clock may be repel'dlvec-rmaypimply oe pulsed whendata is tone 

read. When the clock Is repetitive the EFtiC.50 should be maintained In the standby mode when data is not being road, as 

every clock ptilas v»rH constitute a read operation. When the clock Is not repetitive data will remain valid tor 20 to Ik) 

seconds, the outputs will then become odoo circuit until another clock pulse is received ran clock should nflt tit 

repel dive lor the- £32051 

Substrate supply Normally it +5 volts 

Ground Input 

Power Supply Input. Normally at -23 volts 


■ ■t'li * o a r'TcplCTire 

i — 

Uipxlmtim Ratings 1 

^A„ inpuls andouiputs MM ■»(•«>• V»> . 

' .* 300 '° 

Standard Condlllons (unloss otherwise rioted) 

■ V.sS 5 

Vo?» -; 28V:5% 

Operating Temparatur* (T*) - o 6 C to *700 -——-— 

Output Load * IQOpP. 1 TTL load **^0 

chTrecteriahe_Symbol _Min_I2£_ 

"EicTcmaracyeristics 
Input Logic "V v ih v 3s~1‘ S 

input Logic “O" 'fiL " 10- ? 5 I 

Output Logic "1 v 0K V SS"‘*® 

Output Logic "0” (Iol - 1.5mA. Vq k 

Power Supply Current 

Read tee " 

Write tea “ ‘ 


AcTcHARACTERISTtCS 

Access Time face 

Clock Width W /5 

Write Time te 100 

Erase Time *g ^ 

AddreBS-Clock Time 'cc 100 

Wnte/Erase-Addresa Time t co 1 

Address-Write/Erase Timu I** 50 

Clock Period *c ‘'O.O 

Data Setup Time lo» J ° 

Data Hold Time ten sy 

Number of read accesses/ 
word between retresh Nra ^ ‘ 

Number of times word may 
be rewritten [ 

^’Typical vaTiteo are nt +25°C and nominal voltegfis. 


♦Exceeding tnese ratings could cause 
permanent damage. Functional operation of 
this device at thesa conditions is not 
implied—operating ranges are specified 
below. 


Vss+0.3 Vss-1.5 

+0.3 -10.0 

— Vj.5-1.S5 

-C.8 ' - 


v 33 +0.3 Volta 
+0.3 volts 

- Volts 

r0.8 Volts 

-13.8 niA 

-10.3 mA 

-10.3 niA 






Sgij^S?, 














FEATURES 

a 256 x 4 Organization 
■ 5-Bit Binap/ Column Address 

* One of 8 Line flow Address 
a Electrically Erasable by Flow 
a Electrically Reprogrammable 
a 10 ms/4-Qit Word Write Time 
» 2 jus Access Time 

* .Minimum Rata Retention; 200x10 s 
Read Accesses/Word between Refresh 

* Chip Select input 

* Unpowered Nonvolatile Data Storage—10 Years 

DESCRIPTION 

The ER1105 '8 a 256-word by 4-pn, electrically erasable? and 
reprogtammoble ROM that takes advantage of the unique pro¬ 
perties of P-ohannel MNOS technology. Data is written into the 
device by tunneling a charge Into the oxide-nitride interface at 
the gate Insulator of MNOS memory transistors. This Is accom¬ 
plished by applying a -24 V. 10 ms row input pulse The resulting 
charge trapped in the gats insulator cruises? a change in the 
threshold voltage of the memory transistors that is sensed 
during subsequent readout. Data if. erased by applying a '30V 
100ms pulse to the row Inputs There are 9 blocks of 32 words4 
bits, each Mock being separately allersbio 
















APPLICATION EXAMPLE 

«-<>«•<. 

and write voltage, required as inputs to the row driver circuits are nc,r>oritnrt k,', n figure 5. Eras e voltage 
Implemented only once oer system (as indicated in figure 4) unless selective eLuro b^row^dSiS ^ be 



Hg.4 1024 WORD X 4 BIT MEMORY 



Fig-5 SUGGESTED ROW. ERASE AND WRITE CfRCUlTS 



1400 Bit Electrically Alterable Read Only Memory 


features 

m 100 Word x 14 on organization 

• Word alterable 

a 10 years empowered data storage 
a Write/Erase time lOOms/wo'd 
v Single -35 volt supply 

• No voltage switching uujuirea 
■ MOS compatible signal levels 

description 

The ERMOO <s a serial input/output non bit electrically erasable 
and reprogrammable ROM. organized as too words of 14 bits 
each Data and address are communicated in soriei form via a 
one-pin bidirectional m« 

Addressing is by two consecutive one-of-iun codes 
Mode selection is by a »" bl» cone applied to Cl. C2 and C3 
Daw is stored by internal negative writing cruises that selectively 
funnel change into the oxide-nitride interface of the gate insulator 
ol the-1400 MNOS memory transistors When the writing voltage- 
is removed ihe charge trapped at the Intertaco is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors 
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PIN FUNCTIONS 


In thfl Accept Address and Accept Data moaas, this pin is an input 

pin for address end data respectively In the Shift Data Out mode this 

pin Is &n output pin designed to drive MOS In Standby. Read, Erase 

and Writs. this pin is left floating 

Used for testing purposes only Must ba left unconnected 

for normal operation. 

Chip substrate. Normally con reefed to ground 

DC supply. Normally connected to -35 veil supply 

14KK£ timing reference. Required tor oil operations. May be left at loai- 

zero wnen device Is In standby. ^ “ 

Mode control pins Their operation is as follows. 

Cl C8 C3 Function 

ODD Standby - contents of Address and Data Register 
remains unchanged. Output buffer sg loft floating. 

0 1 ^ Accept Address - Dala presented at the I/O pin lashifted 

Into the Address Register with each dock pulse 
i 0 0 Read - The address word is reed from memory intotba 

data register. 

1 0 i Shift Data Out - The output driver is enabled and the 

contorts of the Data Register are shifted out one bit 
with each clock pulse 

0 i 0 Eiase - The word stored at the addressed location is 

ercseo to ail zeros. 

1 I 1 Accept Data * The data register accepts aerial data 

presented at the I/O pin. The Address Register 
remains unchanged 

i 1 0 Write - The word contained iri tho Data Register is 

written into Tho location designated by the Address 
Register. 

0 0 1 Not Used 



ELECTRICAL CHARACTERISTICS 
Maximum Ratings’ 

AH inputs and outputs 

(except Voo) with rgspacl to Vk . .-20V to-0.3V 

Vr;o with respect to Vss .. . . -40V 

Storage temperature (No Data Retention) .. .. •6S°Gto-f50"G 
Storage temperature (with Data Retention) 

Operating. -25°u>*75®C 

Unpowered .. . •G5 0 Cto‘ , BG p C 

Standard ConciUlong {unless otherwise noted) 

Vs 11 GND 
Vog ="• -35 V t 6% 

Operating Tempurature (T*) - 0 & C to +70°C 


DC characteristics 

Input logic ‘T 
Input logic "O' 

Output logic V 
(1 men, 100 pf load) 

Output logic ••0" 

Power 

AC CHARACTERISTICS 

Cluck Frequency 

Write (imp 
Erase 

Rise, (all lime 
Propagation delay 

Unpowerad rton-volatite data storage 
Number of arase/write cycles 
Number of read accesses between writes 

“Typical values are at +25“C and nominal voltages 


'Exceeding these rotlngc could cause 
permanent damage. Functional operation of 
this device at thsae conditions is not 
implied—operating ranges are specified 
below. 
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4095 Bit Electrically Alterable Read Only Memories 


u 1024 x4 Organization 
u 10-Bit Binary Addressing 
it 2 Chip Select Ihputs 
m Electrically Reprogrammable 
a 2 ug Access Time (ER2401 A), 3.4 jus (ER2401) 
w 20 msM-bit Word Write Time 
m 100 ms Simultaneous Erasure of All Data 
m Minimum Data Retention—2 x 10’ 1 Read Accesses/Word 
Between Refresh 

a Three-Stale Outputs (Strobed on ER2401) 
o Unpowered, Nonvolatile Data Storage—10 Years at •*■70° C 
re Control, Address and Data Inputs TTL Compatible 
NOTE - Use ER2401A for all new designs 

DESCRIPTION 

The ER2401 and ER2401A are fully decoded 1024 * 4-bit 
electrically erasable and reprogrammable ROMs utilizing 
second-generation MNOS epitaxial processing technology. 
Data is stored by applying negative writing paisas that selectively 
tunnel charge into the oxlde-nitric’fl interface at the gale insulator 
of the4096 MNOS memory transistors. When the writing voltage 
is removed, the charge trapped atthe interface is manifested es a 
negative shift in (he threshold voltage of the selected memory 
transistors. 


PIN CONFIGURATION 

24 LEAD DUAL IN LINE 


t:l«i.ll!»?) C *i 
Vk i'5V) C ? 
*ST Cl s 

03 C 6 




Stored data may be accessed a minimum of 2* 'O 1 * limes without 
refresh and Is non-volatile in the unpowered state in excess cf fen 
years Data Is erased by applying a V SS! -2BV pulse to the uraes 
substrate of the device Data can be erased and rewritten up to a 
maximum of 1Q S times All outputs are at logic high when tho 
device ! s in the erased state 



ELECTRICAL characteristics 

Maximum Ratings* 

All inputs or outputs relative to Vss 
Operating ambient temperature 

Storage temperature . 

Soldering temperature of leads (to seconds) 


. +Q.3V to -30V 
, . 0"C to +70“ C 
-65® C to +160°C 
1-900“ C 


"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
Implied—operating ranges are specified 
below 


RECOMMENDED OPERATING CONDITIONS, T a ■ 0-Cto ’70*c 



Supply Voltage 4.75 

Substrate supply 
voltage 4.75 

Memory voltage — 

Reference voltage _ 

Erase substrate input 
high Vss-0.4 

Erase subslrate ir>Di»t 
low Vtj-29 

Write control input hign 'A-.-1.5 
Write control Input low V,«-29 
i>i input high voltage — 

d, input low voltage N< 

Strobe input high 
voltage 

Strobe input low voltage Ni 

Address and CS input 
high 

Address and CS input 
low 

Datn input high voltage 
Data input low voltage 


twin 

Typ 

Max 

Min 

Typ 

Max 

Vk-29 

V-,-29 

Vss-27 

Va-20 

Vss-13 

Vss-18 

4.75 

5.0 

5.25 

4.75 

5.0 

5.25 

V*-29 

Vm-23 

Vss-27 

V w -10.5 

Vss-10 

Vss-9.5 

Vs* 

Vw 

Vs* 

V«-20 

Vk-19 

Vss-18 

Vss-0.4 

Vss 

Vss+0.3 

Vss-0.4 

Vss 

Vsr+0.3 


V<;-29 Vm-28 Vss-27 

V'i-1.5 V» Vis-fO.3 

V,«-29 - Vss-4.4 

— Vss 

Not Applicable 


Not Applicable 
Vss-1.5 Vss V«r0,3 
Vss-29 - Vas-4.4 

Vss-o.a Vw Vss j o.a 

Vss-2S Vss-20 Vss-27 


Not Applicable 
Vss-1.5 Vss Vss+0.3 

Mot Aopli cable 
Vm-0.8 V» Vss+0.3 

Vss-25 V ss -19 Vss-13 


Vss-20 

Vss-28 

V ra -27 Vss-25 

Vss-1 -5 

Vis 

Vss+0.3 Vss-1.5 

V|)D 

«. 

V ss -4.4 Vno 

Vsrl .6 

Vw 

Vss+0.3 N 

Vt>o 


Vw-4.4 N 


"Strobe only on ER2401. 

STATIC ELECTRICAL CHARACTERISTICS, Ta = 0-C to *7C°C!lNO external, i paqs expert as noted) 
symM F Hlrl 1ip M “ 


input leakage current (except pins 1,2, 
4.5,6,7,8, and 24) at Vs,-15V 
leakage cu rrent a t Vw-29V 
Output leakage current atV»s*l5V 
Erase substrate leakage current at 
VwfiBV 

Vpd supplv current-read modo at 
Vss-19V’ 

Vm> sup ply cu rre n t - write m o d e at 
V:a-23V 

Data output high current -TTL load 

Data output low currur.l-TTL load 
Data Output high voltage - MOS 
Data Output low voltage — MOS 
Lfnpowered nonvolatile data 6torega 


01-Vptf^ Vss-20_. 

*Vpn*VrB-29, ST=W* Vss-25 
Chip deselected 


Outoutsopen (SeeFigured) 

Outputs open (Sea Figure 5) 
One Series 7400TTL load with 
Rs=2Kfl, V«-Vtt 
(SeeTTL Notes) 

C L «l00pF 

Typical write conditions 


"Strobe only on ER2401 





CAPACITANCE AT V, N * Vss, ALL OTHER PINS GROUNDED {Vss), *~1 MH* 


Symbol 

Parameter 

C. 

Address and chip select Input capacitahce 

Cv. 

Write control Input capacitance 

•Cm 

Strobe input capacitance 

Cd»i 

0, Input Capacitance 

CPE 

Erase substrate capacitance 

Cu 

Data input/output capacitance 

"Strobe only on ER2401. 
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^ CY^ CHARAC T H H^nCS.T, , p. c to w0 ^ for ER8401) (SE£ ^j 0TE „ 


Vite control rise topulsi-d* risedolay 

P Jid SI t'lUu 8 HH d chi P 3elec,,al110 pulsed*, rise delay 
Pu.secJ 0, fan to uddressand chip select chanqedelay 
Daumpui change to pgisedp, rise delay 
Poised^ fall to data input change delay 
Number of (smos word may be rewritten 



Artdrcw (Ag ■■* Agl V |H -«p^ jg- - .,?*?". }-._ -x-x-n [ ._ _ j'*~ ; D8-*'| | 

six****,^ v a .m_ 

*■’ v |, , wiiWI ~lfllHil mijjij—i 

p- muv ' — -- — 


°“ lpul ccntli,lon ' 

programming wto^JSJSSjSJ several m°n%™Tr?e^a™ ?o°n?Ts mln9 8 > ,Ele ™ whElre »® application of 

Power Is no! reduced when chip is deselected ° np is ^commended ro reduce oackage tempor/miro. 

4, All typical values are at . 2S°C and nominal votcagee. 


iihfhi.. 


s CHARACTERISTICS FOR NON-STROBED OPERATION,T A - 0°C to -70°C (ST « V DD for ER2401) 


Symbol 

Parameter 

(ti«e Figures 1 through 4) 

Ta 

Access time (ER2401A) 

T* 

Acoe53 lime (Strobe - V DD for ER2401) 

t*i 

Pulse width (rise and falltimess?50 ns) (See Notel) 

tm 

Addross and chip select change to <fn rise delay 

tr*i 

! </„ Fail to addross and chip select change delay 

tm 

1 <f>, Fall to data output valid delay (See Notes 1 end 2} 

ti>. 

\ if), n i se to 11 rated o u f put de lay 

Um 

Number of read accesses/word Detween refresh 



^zzzzzzDtzz: 

“ ' ’t 


l 03'"H r*— 

valid " '"Y** ri0( 


■paH t p**’* 


READ CYCLE CHARACTERISTICS FOR STROBED OPERATION (ER2401 only) T A 

Symbol Parameter Min 

(Soe Figure 1 through 4) 

t<7>, <jiPulsewidth(ri8eanafailtimess;50i3)(S9eNote1) 650 

t»; Address and chip select change tpifii rise delay 400 

W «A, Fall to strobe rise delay 0.75 

t> Strobe pulse width (rise and fall «50 ns) SCO 

ti>> Strobe rise tostrobeddataoutpul validdelay (seenotesl and2) — 

tw Strobe riseto strobed floated output on deselect delay — 

N;v, Number of read accesses/word between refresh I 2x10' 



Min 

Typ 

Max I 

850 

„ 

2000 

400 

— 

— 

0.75 

— 

— 

500 

— 

— 

— 

— 

500 

— 

— 

300 





MuOutpui ° H rolling “V 

<0, •+ n 4 i i) L _ 4.-- Z -A-- 
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BeuaaH 

TYPICAL OPERATING CHARACTERISTICS, Ta -= +25° C and +70° C, R* = 2K Ohms, Vsr - OV 





PIN FUNCTIONS 

Chip Solent {CS1, CSI2) iiv . M „ rmlnak 

Both must bain the high 3tato to enable thedataou pu 

or write data into the device. 

0nta Input/Output (DI—D4) r.-*o or* 

Di through D4 arc bidirectional data terminals. D«ta are ordered 
on these letnWn*. during the write cycle and read out dunng he 
read cycle When deselected, there terminals arc in a floating 
condition 

the^Titecontro^ terminal must be in the lew state in order to 
write data into the device 

Pro" 1 ' 1611 lor <“ , V Kl <*» lwul ' 10 

applications where this feature a not desired, the strobe Wrnmel 
should M maintained at VDC1 throughout the entire teed -yle 
The ST input Is high-level and not TTL-compaUble. 
cKhro One (£l) , , 

curing the write operation, multiple 1 QOps pulsus must be app bed 
tn the 01 terminal to fully shift the memory transistor threshold 
voltqe lo sts most negative state. This is required tor voltage 
bootstrapping in the row-selection clrcul'ry. The 01 inpul is high 
level and not TTL-compatible 

NOTE. All control, address and data inputs are TTL-rtomtiatlble 
v/ith pull-up resistors 




■V EE MUST BE ISOLATED FOR INDIVI DUAL ERASE. MAT BE CONNECTED FOR BULK ERASE. 
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ER3400 ER3401 


iSL 


4096 Bit High Speed Electrically Alterable „ „ A 
«atures Read Only Memories 


" ™ 34 , x 4 Organiialior,, fully DbcsHoh 

ER3'«°: 650ns Access Time 

ja^r®? 0 ”* AcC0M Tlmi> 

?a ws Cycle Time 

!° m * WoM or Et/oofe Erase Time 
1 ™ Write Time * 

■ 22 i»ln Dip 

' Tk "™ 10 ® 

I !iS - 12 ' ' WV p °wo' Supplies 

| l, ml? B" W,lto CyC,eE <*r Word 
in vV. n Cad c> " ae4 par Word 

W Unpowered Honvolalrle Data Storage — 10 years 


p W CONFIGURAtTon 

“ EA 0 OL'AL IN LIWE 

v G6MOV)rL. ^*171 


SLOCK DIAGRAM 


DESCRIPTION 

1 «*■««—* 
chipenabTe r-5e, which p ! a,es vv,lh °™ on**, 

otnw piss or each novice con b“pXteilif' 11 ' Mlsclion - A “ 
Any one of four posnlo,. “ “ °' hW EAB0Ms 

setting tl» propsr binary cSfc on^be cSrs*" “ 58lec,<, ‘ I by 
pulsing iho davtoj will cFrt,T, C '°' C1 “ Mr t>l "fee md 
Word Eres£ . sn p BleT&“ e Jno'pp.r? 08 " e Write, 
control «nevei>d C i, a „ge„™J aa , E ' i3 1 f Q:i '3''0' "ill sense he 

motto, date I, tCduZaennore ed by ® wh » 
orasmg or a iv0rd «> oh Wise. Writlno or 

Write or Braso mode. Each wits or -l 9 m he <i8vlca '«'n tire 
ended^byajjijnirny^efitl operation * wo,d C|, '' le mu!t Le 

6R3400/3C0| E Se E d a ( t'^n,l7 P S!,^''?. ' ndiCBtes 10 tee 

is valid Input data. Thjg ft,..*.. >»? ° 3 » <ta,a fn P<Jt/ou1put lines 
muring lhe lvrte op ,™ 11 stored f n(e ro 0 lly r or u “ 


.... j: ■ 


T T J 

I—4-—j - - 

j MEUMr { H | 

ssr, h sssSi k>« 

k—-f—* P—,—i 


iTrrp--' 


removed bbtore v^j, turned a™ 9 ie 5taWe a ™> 


PIN functions 


to-eti Word Address 

Bata input and output pm S 

Chip Enable, chip setecf,^ „ ha „ xg .. , 

Mode Control |n puts CE pu,sod 10 logic "0”. 

£2 ci 


1 ’ Word Ersae Mode’ sLZZ""*" Mr ' C '"“'™"™ 

“ 0 R «"Mode addressed dare to'! l» Se f Mi " 1 ‘ lraSaeai0ra,i ' ,n 

0 Write Mode incur ri-t C fter ,e,lc? lr)g ec|ge of CP pulse 

Wri,e input data r* aa I' ^ m **««l location. 

Substrate supply. Normally „ ,. 5 t,JlS0<1 10 lc, 9 ic “0"- 

Ground input 

Power Supply input. Normally a , -12 wll . 
ower supply fnp ut. Normally at - 30 J t ' 
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TIMING DIAGRAMS 



f, t yp1CAI- CHARACTER*STIC CURVES 
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8192 Bit Electrically Alterable Read Only Memories 


» 20<58 x 4 Organization 
» 11-Bit Binary Addressing 

* Chip Select input 

m Electrically Reprogrammable 
« 2.8 Access Time (ER23QO) 
it 1.65 us Accoss Time (ER20O5) 

" 20 ms/4-blt Word Write Time 
a 100 ms Simultaneous Erasure of All Dma 

* SrS '*"”"' 8 X »" ReM 

it Threo-Stato Outpuis 

* Nuiwotallb Datastorage—io Years at *70*C 
“ Control, Address and Data Inputs TTL Compatible, 

DESCRIPTION 

ai,d ERaw5 WS My dacodea 2M8 v 4-0lt 
electr.Cfitly orawbhi and reprogrammable ROMs utilizinct 
•Kond-senwtton MNOS epitaxial processing technology 0 

cTrtoaMSwjK lf " 30xi!l e- n 'tr , de inleriaL-eaS tho gate Insulator 
ol.ne 81.92 MNOS memory transistors. When Che Writing voltage 

isremoved theohargstrapped attholntertacolsmanltsstedasa 

S tor'’ '" re3h0 "’ TO ' ta9 ° Ihe selec,et ' resmory 


PIN CONFIGURATION 

2>J LEAD DUAL IN LINE 


Clock I {♦!} c|*t 

q a 
sic; a 


da, j ™*Xb» accesaedamimmumof 2 < 10 ” times without 
ref re*. I» an tf is non-iro i atile In the unpowared state I n excess of ten 
yare. Data Is erased by applying a v M ~S8V pulse to Lh-s erase 
substrate of the- device Oats can be erasod and rewritten up to a 
maximum of to* times. All outputs are at logic high when the 
device is in the erased slate 




ELECTRICAL. CHARACTERISTICS 
Maximum Ratings* 

All inputs or outpuis relative to V*-, 
Operating ambient temperature 
Storage temperature 

Soldering temperature o* leads no seconds) 


.*0 3V ra-30V ‘Exceeding these ratings could cause 

0 e C to +70° O permanent damage. Functional operation af 

• 65°C to ■*•150*0 this device at these conditions is not 

-300 s C implied—operating ranges arc* sDodflDd 

below 



RECOMMENDED OPERATING CONDITIONS. T A * 0 °C to ' 70 °C 




Erase Mode 


Write Mode I 

Read Motto 




Min Typ Max 

Min 

Typ 

Max Min 

Typ 

Max 


V: ip 

Supply Voltage 

4.75 V*. Vs,-0.3 

Vb-29 

V;-..-2S 

Vss-27 Vw-20 

V«-19 

Vss-18 

V 

V.. 

Subsirate supply 









vollage 

4.75 5.0 5.25 

4.75 

5.0 

5.25 4,75 

5.0 

£•25 

V 

Vv. 

Memory voltage 

Vvs - 

Vxn-29 

Vtt-28 

Vsv-27 Vs,-10.5 

Vsti-IO 

Vxs-9.5 

V 

V, 

Reference voltage 

„ Vs, ~ 

V*. 

Vs, 

V v . V*-20 

Vsx-19 

V.v-lS 

V 

Vi.i 

Erase subsirate input 









high 

V,,-0.4 Vss Vjr+0.3 

Vsy-0.4 

Vs, 

VwMJ.3 V : .,-0.4 

Vs, 

V»»0.3 

V 

v,.. 

Erase subsirate input 









low 

Vss-29 V vi-23 V s ,~27 

Not Applicable Not Applicable 

V 

Vtu. 

Writocontiol input nigh 

Vss-1,5 Vt, VsH-0.3 

Vn-1.6 

V.« 

V»rH).3 V-..- 1 ,5 

Vss 

Vss-rO li 

V 

Vv 

Write control input low 

Vv.-29 - Vfe-4,4 

Vvs-29 

— 

Vss-4.4 Not Applicable 

V 

Vtfr-I 

ib\ input high voltage 

Vx< 

Vvx-0.8 

V‘3i 

V,\+0.3 Viv-0.0 

V,S 

V:.s-0,3 

V 

V0U 

4>. input low voltage 

Not Applicable 

Va-29 

Vw26 

Vss-27 Vsh-25 

Vss-10 

Vvs-18 

V 

Vs,,. 

Strobe input high 









voltage 

— Vv, 

Not Applicable V, v -1.5 

V,s 

Vss-0.3 

V 

Vs., 

Strobe input low voltage 

Not Applicable 

Vs,-29 

Vss-26 

V n s- 27 Vs.-25 

V,s-19 

Vss-te 

Y 

Vm 

Address and CS input 









high 

Don't Care 

V.j-1.5 

V ;i « 

Vxs+0.3 V's-1.5 

Vv, 

Vvs-0,3 

V 

Vn 

Address and CS input 









low 

Don't Care 

Vim 

— 

Vs, 4.4 Vim 

- 

Vs.s-J.4 


Vim 

Data input high voltage 

Don't Care 

Vw--J.fi 

Vv 

Vxs+0.3 Not Applicable 

V 

Vim 

Data input tow voltage 

Don't Care 

Vm, 


Vss-4.4 Not Applicable 

V 


STATIC ELECTRICAL CHARACTERISTICS, Ta = 0°C to +70 a C (NO EXTERNAL LOADS EXC2*T AS NOTED) 

Symbol Parameter . „ S?? 1d ! t . l0 , nB „ , . Min Typ Me 

All Pins it Vv Unless Noted 

In input leakage current (except pins 1 ,2. 


input leakage current (except pins 1 , 2 . 

4,5,6.7,8, and 24) atV«’t5V 0i=v„.,=V< s -2O __ 

leakage currenl at Vss-29V V^rMAs-SS, ST~W~ V,s-26 

Oiitpctleakage current at V-.S-15V Chip deselected 

Erase substrate leakage currcntat 
V„-?.8V W-ST=V«-25 

Vno supply current - l ER2800 _ . . 

read mode at V S s~19VJ ER2805 0ulputs °P eP ( See Fl 0 urG b ) 

Vpp supply cumbhf ..} ER2000 outputs open [S» RgunaS) 

Data output high voltage - TTL load OneSeri8s7400TTL load with 


Data output low voltage - TTL load 
Data Output highvoltage-MOS 
Data Output low voltage — MOS 
Unpowered nonvolatile data storage 


Rg * IKO, Vq c bVsb 
(S eeTTL Notes) 


Ci~i00pF 

Typical write conditions 


CAPACITANCE AT V,« - V«, ALL OTHER PINS GROUNDED (V SB ), 1^1 MHz 


Symbol 

Parameter 

c 

Address and chip select input cauacitance 

c,. 

Write control input capaotanco 

Cs. 

i Strobe input capacitance 

Ctbi 

<6, Input Capacitance 

C,i 

i Erase substrate capacitance 

Co 

Dale input/output capacitance 
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k - u*o 10 -/U“C 


Vri- orese Dulse widttt 
Vm'rise time, lull time 

Write-erase overlap 


MflfW {Aq->A)01 
(Kltf'Or 

Calf Sc«Ki iCS) 


mmmnmszL 


WRITE CYCLE CHARACTERISTICS, T A i;: 0 o C 10 +HY C fST*Vw)) 


Num&erof o, write pulses al tOOws 5:10%, ft us min. dead June between 
pulses.) 

Write control rise to pulsed v, rise delay 

Address change and chip select fall topulsea^, rise delay 

Pulsed <?n fall to address and chip seli-cf change delay 

Date input change to pulsed 0, rise delay 

Pulsed 0. tali to data input change delay 

Number oi times word rney be rewritten 


ASdroas rAfl-*A 10 ! 
a i rtloi 

Chip Seteel <CS} 


J-a-'oti-*- i 

fr~pc.• 

TTiiiiiiil— 

!'oiOH-»-: “H ‘ D11 'oioU*} *DilU“J --**|’t>10h«— -M 'DU 

nmrsl • ! l/iTT?-- - 1 2 3 \rt 


1. Due to the dynamic nature of tna circuit a'cfyNOT' time in excess of 40 j.sec may result in a floated output condition. 
Consequently data must he resampled with a 4Q pscc. time period following the fall of 0 to ensure its validity 

2. Several seconds maybe required following a programming operation for the circuit to become operable in the rend mode. II 
data is to be verified immediately following programming, a forward current of M rrtA :t 10% may be forced into the erase 
substrate junction (pin 4. Vi>r.), for a period not to exceed 1 0 milliseconds, to quickly dissipate charge trapped at internal circuit 
nodes 

3. Maximum power dissipation occurs during programming. When programming rnulllchlp syslerrs where the application of 
programming voltages is required to 1- several minutes, forced air cooling Is recommended to reduce package temperature. 
Power is not reduced when chip is deselected 

4. Alt typical vaiuri3 are m *25 4 C ana nominal voltages 







AMO £■, - VOLT 



P\N FUNCTIONS 

Chip Select (CS) , 

Must be in (he high state to enaole the data cutout terminals or 
write data into tho device 
Data Input/Output (D1—D4) 

01 through D4 are bidirectional data terminals. Data are entered 
on those terminals during the write cycle end read out during the 
road cycle. When deselected, ihsso terminate ad 1 in a tloatin? 
condition 

Write Control ['#> t 

The write control terminal must be m [he u>w -Mato ,n order tc 

write data into tho device 

strobe (ST) 

A strobe input is pmvideo for delayed daia clockout 'n 
applications where this feature is not desired, the strobe terminal 
should be maintained at VOD throughout (he entire rend cyle 
The ST input is high-levai and not m-oompatmle 

Phase One (01) . 

Dun ng (he write operation,multiple I00,us pulses must be applied 
to the 01 terminal to fully shift the memory transistor threshold 
voiigo to its most negative state This is required for voltage 
bootstrapping in the row-selection circuitry The 01 input is high 
level and not TTL-compatible 

NOTE Alt control, address and data inputsareTTL-cempfttrbie 
with ouii-up '•esisters 




































1024 Bit static Read Only Memories 


FEATURES 


• State cpmtlm, No stock squired 

* Access time typically 1 rises 

‘ whl, DTurn 

no-? o' c t”7o«c ° m0oratl,ro Bans<,s - 

RO-a -55'C to *125*C 


DESCRIPTION 


SHSSSrf-“-== 
ataiSSfaia 

I 6 ,eaa “-tele Dus, in 

memory organ,S l ^ ^ ^ T *' B 

24 Mra '* D ^ in 
momory orgemaelj l B ££X%£F" ““ ^ The 


Pm CONFIGURATIONS ‘ ~ 

16 LEAD DUAL IN ulNE 
HO-6/7-1024/4 

_rop hm 

ii.^iajc*i ^Tepy 

I'lffjl A2 C 2 SSpIr^uiAi 

l,l£h;l *' 3 14 P mpU AS 

C “ ,Wa, C 4 '3b.ncu.A6 

OuVpttlBjC 5 12 plnpu, A7 

Output MC « n Bvao 

“■"““H’ “po.PE.St* 

^cc C ^ o p input as 

2A LEAD DUAL IN LINE 
RO-3/7-10P.4/8 Top v.sn 

*>e<4 A3 c|»r JTh V%1 

I-1PUIA2C ? 

Iidui Ai C .? 5J3HC 

OMputatcji 21 3 Input A4 

» 3 Input As 

t IS LI Input A T 

0WP.HJ3C D i? lv 

Output WC n ’6hNC 

OUpo, e7 C ,o „ ncrilp Enable 

Output fig C. i T |4 N c 

v cc PJ2_13^ 3M.C 



RO-6/7-T024/4 


RO-8/7-1024/B 


J 


ELECTRICAL CHARACTERISTICS 
Maximum Hannas' 


RO-7-1024/4 a RO-7~1«Z*}/B g^y| 


V«&V«;(wUh respect to V c e). . , . -20Vtoi-0.3V 'Exceeding those ratings could cause 

Clock A logic Inputs (with respect to Vet). -20V to-K>.3V permanent damage. Functional operation of 

StorageTemporature. -55°Cto --lEG^C these devices at these conditions Is not 

Operating Temperature ~5S # CtOr125 6 C (RO-6-1024/4/0) implied—operating ranges 3ro specified 

O'C to r70°C (RO-7-1024/4/8) beicvv. 



Standard CondHIons (unless otherwise noted) 


I 

i 

I 


Vce * «V r 0.6V 
Vco--12V±1V 


Vcr-GND 
(Substrate at V«) 

Operating Temperature (T A ) =-55°Cto «■ l25°C (RO-tS-1024/4/8) 
- 0"C to *70*C (RO-7-1Q24/4/8) 


Characteristics 

r 

j Min. 

T yp-’‘ 

r^r" 

Units 

: Conditions 

Oata Inputs 






Logic "0” level 

— 


10,8 

V 


Logic •’1" level 

Vcc-'I.S 

— 


V 


Noise Immunity 

0.4 

— 


V 


Input Leakage 

— 


•i.O 

uA 

M easured at Vn* = Vo M at 25° C 

Input capacitance , 

- 

5 

— 

pF 

Measured at Vn. ~ Vet 

Cate Outputs 






Logic "0” level 

— 


yQ.'I 

V 

lor — 1.6 mA 

Logic’T* level 

Vcc-1,0 

— 

— 

V 

lo.t = 100 fiA 

Access Time ; 






Address 

— 


1.0“- 

us | 

Measured at 25 C C 

Chip enable 

- 


1.0’“ 

pS j 

j Measured at 25"C 


“Typical values are at +28’ , C and nominal voltages 
“•Testing Conditions 












RO-S-13CI2 


2043 Bit Static Read Only Memory 


FEATURES 

■ ssrrsr wiredAN °“^ 

* tnpul. Output dlfwuy interface with dtl/TT|. 

description 

“°"o”o °*» Memory 

»Mch are con .ItumH 

P«S3,vatsd P-channal onhancamln. h ° d sl,icon nftrid ® 
transistors. ThaRo^X;^ f m0n ' mode «®ld effect 


PIN configuration 

24 LEAD DUAL IN LINE 



OLT OUT OUT our OUT 


I I I I I ? 5 7 8 

^±t±±±i^L 

OUTPUT STAGES 

3 axrrn 



OUT OUT Out 


j-- ^GG 

r —- vg, 

I- - v C c 


ELECTRICAL characteristics 
M aximum Ratings* 

'Exceeding these ratings could cause 
permanent damage. Functional operation ot 
inis device at these conditions 16 not 
implied—operaiirig ranges aro specified 
telow. 

Standard Conditions (unless otherwise noted) 

Vic ** +5V ± D,5V 
V«o»~12 V + 1V 
Viii * GND 
(Substrate at Vcd 

Operating Temperature (T a ) - CPC to 4 -70°C 


Vgi & Vco (with reaped to Vcc). 

Clock & logic Inputs (with reapeetto V C o) 
Siorage Temperature. 

Operating Temperature. 


-20V to +0.3V 
-20V to +0.3V 
-65*10 +1S0 U C 
o 4 to +7o , e 


Characteristics 

Min 

Typ“ 

Max 

Units 

Conditions 

■ 1 

date Inputs i 

Logic , ‘0‘‘ levs 1 



■i'0.8 

V 


Logic "I 1 ’ levo< 

Va—1.5 



V 

i 

Noise Immunity 

0 A 



V 


Input leakage , 

■- 


1,0 

,«A 

Measurso at Vin~ V{iQ.at25°C 

Input capacitance 

- 

5 

— 

pF 

Measu red at Vw = Vcr 

Data Outputs i 

Logic‘'O’ 1 level 

_ 


1-0.4 ' 

V 

! l«L = 1.6ir,A. 

Logic “1" lev©! 

Vnr-1.0 

- 

— 

V 

Ion =- IOO pA 

Access Time , 

Address , 


1.2 

1,5*** 

li 3 

Measured at 25°C 

Chip enable 

_ 

0.8 

Lrl 

ns 

j Measured at 25*0 


“Typical values are at- J -2&°C and nominal voltages 
‘“Testing Conditions 
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FEATURES 


■ Static Operation. No clock required 

■ Access time typically 1.2 usee. 

■ Three-state output for wired AND cap&olltty 

■ Culp enable control 

* Input. Output directly interlace with DTL/tll, 

■ Choice of Operating Temperature Ranges— 
RO-7; O’ C to -70 e C 

RO-6: -55 s to +125°C 


DESCRIPTION 

The RO-6-2Q48/4, RO-7-2048/4, 00-6-2043/8 ana RO-7-2043/8 
are 2049 bit luily static Read Only Memories belonging to a 
standard family of DTL/TTL compatible circuits which are 
constructed using low threshold silicon nitride passivated P- 
ehannel enhancement mode field effect ranslstora The RQ-6- 
2043/4 is packaged in a 24 lead ceramic Dual In Une The RO-7- 
2048/4 is the plastic version of this device. The memory 
organization Is 512*4 bit words 

The RO-6-2043/8 Is packaged in a 24 lead ceramic Dual In Line. 
The R0-7-2048/8 is the plastic version of this device The memory 
organization Is 256*8 bit words 
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ELECTRICA1. CHARACTERISTICS 

Maximum 

v,„»Vi,,i(wilh respect loVw! - ‘fSJS+OW 

Clerk & logic inpots (with rewee » Vcc) Z&Cn-ltB-O 
Storage Temperature. ■ _ 65 .0 to *i26"C (PO-s-aMSM/S) 

Operating Temporature. 0 « 0 to +70 a 0 (RO-7-204B/4/S) 

Standard Conditions (unless otherwise noted) 

V,,-s4 5V±0.6V 
V«h —“12V ± IV 
V ( ji * GNO 

(Substrate atVrc) ,^0-6-2048/4/6) 

Operating Temperature (t A ) 


Conditions 


Measured at V,n ~ Vo« at25“C 

Measured el v^-Vu 

lo, * 1.8 mA 
I on -- 100 jrA 

Measured at 25*0 
Measured at25*C 



'Exceeding these ratings could causa 
permanent damage. Functional operation of 
those devices at those conditions is not 
implied— operating ranges are specified 
below. 
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RO-3-2560 


2560 Bit Static Read Only Memory 


FEATURES 

a 512*6 Organization—ideal for many general 
purpose applications. 

■ Single *15 VdU Supply. 

■ TTL Compatible—all Inputs and outputs. 

* Static Operation—no clocks required. 

« 450ns Maximum Access Time 
» 175mW Maximum Power 

a Three-State Outputs—unaer tha control of an 'Outou? Inhibit* 
input to simplify memory expansion, 
a Totally Automated Custom Programming, 
a Zener Protected Inputs 
a Glees Passivation Protection 

DESCRIPTION 

The General instrument RO~3'25eQis a 2560bn static Read-Only 
Memory organized as 512 Mve bit words and is ideally suitsd tor 
many general purpose memory applications Fabricated in Gi's 
advanced GIANT a N-channel jon-lmplant process to enebie 
operation from a single *5 Volt powor supply, the R03-256£>csn 
stow a lull 512 words of 5 bits each. 

The RCK3-2560 is one of a family of 512 word Read<-Oniy 
Memories offered by General Instrument; iwo others are the F0- 
a-40S8, with a 512*8 memory organization, and the RO-3-5120, 
with a 512*10 memory organization. 


PIN CONFIGURATION 

18 LEAD DUAL IN LINE 


V4c(*SV)C «n 

N-C.C Z 
wC a 

n;iC *r 
02 C 6 
a.C 7 
out mhC a 
gnpC f 


P» 

□AO 

hAl 

□« 


A separate publication ■'RO-3-2560 Custom Coding 
Information,*' available from Gl Sales Offices, describes the 
punched card and truth table format for custom programming of 
the RO-3-25EO memory. 


BLOCK DIAGRAM 



ELECTRICAL CHARACTERISTICS 
Maximum listings* 

V,.v am) Input volteges (*" '» BecI10 SNU1 

Storago Temperature . 

Operating Temperature (TO. 

Standard condlilons (unless otherwise noted) 

Operating Temperature (T.0 “ O'-C to +7 »"C 

SK Loedtng CM TTL IomUX - HpF 

Churacterlollc 

^"occharacteristics 
Address, Output Inhibit Inputs 

Logic "1" 

Logic "0" 

Leakage 
Date Outputs 
Logic ''1" 

Logic "0*' 

Leakage 
power 

Ic: _ 

~"ac characteristics 
Inputs 

Cycle Time 
Capacitance 

Bata Outputs 

Access T ime 
Inhibit Response Time 

Capacitance ___ l—— 

■^^SnSTiire at a. gs° c end nominal voltages, 

I timing diagrams 

i 


-0.3V to 
-65'C 10 + 
0 B C to 


-8.0V 
150° C 
4-70° C 


‘Exceeding iheco ratings could cause 
permanent damage. FfhCiiodal operation ol 
this device el toes® conditions IS not 
implied— operating ranges are specified 
bsiow. 




-yT 


OATA 
ki'f -• - 


5 t 


OUTPUTS 

/’high 

WEGftNCS 


PCCESS TIME (AODHESE TO OUTPUT- 
OUTPUT INHIBIT AT LO GIC 0 ? 


INHIBIT RESPONSE TINE 
(ADDRESS INPUT S STA BL E) 
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BO-3-4096 



m 

4096 Bit Static Read Only Memory f 


FEATURES 

» 512*8 Organization 
m Single +5 Volt Supply 
m TTL/QTL Compatible 
a Static Operation—no clocks required 
a SOQfis. Maximum Access Time 
ta 150 mW Typical Power 

m Tri-State Outputs—unde' - conroi of 'Output Inhibit' signal 
m Totally Automated Custom Programming 
a Zener Protected Inputs 
h Glass Passivation Protection 

DESCRIPTION 

The General Instrument RG-3-4096 Is a 4096 bit static Read- 
Qniy-Momory. It Is organized as 512 eight bit words and requires 
6 bits of addressing. An ’Output Inhibit' function is provided to 
simplify ibe connection of several ROMs to a common bus. The 
RO-3-4096 is constructed on a single monolithic chip utilizing 
low-voltage N-channel ton Implant technology. 

A separate publication, ’RO-3-4098 Custom Coding 
Information/ available from Gl Sales Offices, describe? !ho 
punched card and truth table data format for custom 
programming of the RO-3-409B memory 




ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vcc and input voltages (with respect to 6ND) 
Storage Temperature 
Operating Temperature (Ta). 

Standard Conditions (unless otherwise noted) 
Vcc = r5 Volts X 5% 

Operating Temperature (Ta) 0°C to +70° C 
Output Loading: One TTL load. Ci total ~ 50 pF 


DC CHARACTERISTICS 

Address, Output Inhibit Inputs 

Logic T V| " 2 

Logic "0" v " 

Leakage ,Ll 

Data Outputs 

Logic “1" V ' 0H 2 

Logic "0" Vo1 - 

Leakage 

Power 

Icr__._____J 

AC CHARACTERISTICS 

InputB t 

Cycle Time ^ 

Capacitance Cl 

Data Outputs 

Access Time T« ( I 

inhibit Response Time tR ! 

Cap acitanc e _ Co I_ 

"Typical values are at+25° C and nominal voltages. 

I” timing diagrams 

*wurs _ _ 


-0.3V to +B.0V 
-65* C to +150® C 
0-C to -'-70° C 


•Exceeding these ratingscoutd cause perma¬ 
nent damage to this device. Functional oper¬ 
ation at these conditions Is not implied— 
operating conditions are specified below 



Con dll 




—x r: 


r 

JTS A OUTPUTS 
E0«vNCr<4_VWTD_J^ p HI6H, c| 


ACCESS TIME (ADDRESS TO OUTPUT- 
OUTPUT INHIOIT AT LOGIC °0°) 


INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 
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RO-3-S120 


5120 Bit Static Head Only Memory 


512*10 Organization 

Single *5 Volt Supply 

TTL/DTL Compatible 

Stat'c Operation—m> clocks required 

SOOns Maximum Access Time 

loOmW Typical Power 

Three-State Outputs—under control ot 'Output 
inhibit' signal 

Totally Automated Custom Programming 
Zerier Protectee Inputs 
Glass Passivation Protection 


DESCRIPTION 

The General instrument RO-3-5120 is a 5120 bit static Read- 
Only-Memory U is organized &3 512 ten bit words and requires 9 
bits ol addressing. An ‘Output Inhibit’ function is provided to 
simplify (he connection of several ROMs to a common bus The 
RO-5-5120 is constructed on a single monolithic chip utilizing 
low-voltage N-cnannei Ion Implant technology. 

A separata publication. "RG-ft-5120 Custom Coding 
Information," available from Gl Sates Offices, describes the 
punched card and truth table data formot for custom 
programming ol the RO-3-512A memory. 


BLOCK DIAGRAM 


PIN configuration 


24 LEAD DUAL IN LINE 



Top View 


GNU C 

S' ^ 24 

Tn.c, 

AS C 

* 23 

It Out 1 

Aid 

3 22 

”)Ow1 ? 

a?c 

« 21 

3 Out 3 

A5C, 

5 20 

3 Out 4 

A4C, 

e '3 

3 Our S 

A3L 

7 '? 

HCmis 

NC.C 

a n 

30 U !? 

VccC 

5 10 

now* 

A2C 

10 15 

a Out a 

A1 C 

1- 14 

3 Out 10 

AOC 

12 13 

3 Output irh'bil 






OUTPUT 

INHIBIT 


ELECTRIC CHARACTERISTICS 

Maximum Ratings’ ^ jvi,>+o.ov 

Vcc and input voltages (with reaped to gnu; -65°C to+150*0 

Storage Temperature ' o°Ctn+70°C 

Operating Temperature (T*) 

Standard Condition* (unless otherwise noted) 

V<e = +5 Volts 

Temperature (T*) 0“C to +7C C 
Output Loading. One TTL Loan, Cj. toiai • P 

Characteristic 

^'characteristics 
A ddress, Output Inhibit Inputs 
Logie "I" 

Logic "I>" 

Leakage 
Data Outputs 
Logic ‘‘I” 

Logic "0" 

Leakage 

Powar Supply Current 

1« ____„ 

AC CHARACTERISTICS 
Inputs 
Cycle Time 
Capacitance 
Data Outputs 
Access Time 
Inhibit Response Time 

Capacitance _______ 

~» n> a ’ i36 ”° *' <1 " on ’ ,, ‘ al ' ,olt8 9 as 

TIMING DIAGRAMS 

_ v tiri^rTL— 

*« >T_X_■ 


•Exceeding those ratirgs could cause 
permanent damage, Functions! operation or 
this device at these condition© t* not 
Implied— operating ranges are flpeotM 
below. 



>t:: 


ACCESS TIME (ACOBESS to output- 
output INHIBIT AT LOGIC '(T) 


"V r -X- r : 

r,..reurs A -curSH ' 

sit iw'»6QAiiicE' jk-vesSwci 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 
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8192 Bit Read Only Memory 


2048*4 Organization 
1.2ps Typical Access Time 
TTL/DTL Compatibility—Inputs ona clocks TTL/OTL 
compatible without external interfacing ccmpononts. 
Programmable Chip Select--Simplifies design of large 
memory systems. 

Totally Automated Mask Generation—''RO-5-Bi92/CuBtOfn 
Coding Information", describing punched card and truth 
table data specification, is available from Q1 Sales Offices 
Zener Protected Inputs 
Glass Passivation Protection 


DESCRIPTION 

Tho General Instrument RO-5-81S2 is an 3192-bil dynamic Reed 
Only Memory, it Is organized as 2046 four bit words and requires 
11 bite of addressing. Additional features such an programmafclo 
cnip select are provided tor greater system flexibility The RO-5- 
8182 is constructed on a single monolithic chip utilizing MtNS 
P-channel enhancement inode transistors* The RO-5-8192 is 
available pre-programmed as a 4 bit random number generator. 


PIN CONFIGURATION 

24 LEAD DUAL. IN UNE 


v fc C »< 

U'Cf 

0z q ? 

AO C 4 
A1 C !> 

xad a 
m q ? 

A4 q ij 
ASC, 9 
Aacj W 
Arc u 


pN.G 

HpSstect i 

□ Op Select 2 

□ Chip SHor.t 3 
3Chp6al*il n 
3 Output' 

□ Cutout ? 

□ Output 3 

□ Output 4 
V{«, 

Alt) 


SLOCK DIAGRAM 



DATA OUTPUTS 


ki-cu 1 mwu. wnAMSi*>RRISTIC5 
Maximum Ratings 1 

Voo, clock end input voltages (with respect to Vc, : ) 
Storage Temperature 
Operating Temp mature (t a ) , 

Standard ConclUlons (unless otherwise noted) 

Vo; = +5 volts +5% 

-12 Volte S5Vo 


. —20Vto +-0.3V ‘Exceeding these ratings could cause 

-65°C to-t-1£0°C permanent damage Functional operation erf 

0*010+70*0 this device «t these conditions is not 

Implied-'oporfitlng ranges are specified 
below 


I s Operating Temperature (T») - OH 

.{ Output Loading: R. --0.8K to Vco. 

to-r/0°C 
Ct TOTAL- 

toopf. 





f„ Characteristic 

. s !!L_j 

Min 

Tjrp” 

Max 

Units 

Conditions 

| DC CHARACTERISTICS 







Clock Inputs 







T Logic "l" 

Vrf... 

Vr.r~1.ti 

— 

— 

V 


ir Logic “0" 

Vrfn 

— 


•0,8 

V 


i#; Leakage 

lu* 

— 

- 

1.0 

pA 

Vw* Vcr-9V. 







r A »= +25"C 

1 Address, Chip Select Inputs 







i Logic’T' 

Vw 

Vcr-1.5 

— 


V 


Logic ''0" 

v„ 


- 

~0.6 

V 


a Leakage 

lu 

— 


1.0 

isA 

Vik - v Vor'SV 







T*«+25*C 

'? Quadrant Enable Inputs* 







Logic **1" 

Vow 

Vi:<—1.5 

— 

— 

V 


Logic ”0" 

Vo. 

-- 

- 

*•0.8 

V 


’> Data Cutouts 







Logic’T 

VijH 

Vci—1.6 


- 

V 

ONETTLLOAD 

{ Logic "0" 

Vot 

~ 

- 

V ( * - 4.5 

V 

ONETTL LOAD 

power 







loo 

— 

... 

275 

400 

mW 


| AC CHARACTERISTICS 







1 Clock inputs 







• Cycle Time 


2 

- 

10Q 

fi'-i 


<M Pulso Width 


800 

— 

— 

ns 


6i Pulse Separation 

i r.i 

1200 

- 

— 

ns 


i. j Load Time 


400 

- 


nS 


i &> Lag Time 

t^Jlg 

400 

- 

... 

nS 


Riso anti Fall Times 

tfi.tr 

- 


50 

nS 


CaoacitGnr.e 

C4> 

— 

8 

10 

PF 

1MHz, T A — *-25 ei C 

Inputs 







Set Up Time 

tl'S 

200 

— 

-■ 

nS 


Hold Time 

Uni 

200 


— 

nS 


Capacitance 

Ci 

— 

5 

7.5 

OF 

1MHz. T a = ~26°C 

Data Outputs 







i Propagation Delay 

tn» 

— 

0.6 


fiS 


Access Time 


— 

L2 

1.6 

AS 

(See Note) 

1 Capacitance 

Co 

— 

3 

5 

.. PF _ 

1MHz, T.\*+25°C 


“Typical values are at+25°C and nominal 'Voltages. 


NOTE 

Access Time Is defined as ti« (min.) + t&i* (min.) + tp n (max.) 
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CUSTOM SUIT PATTERNS 



Lofl'ro ' 1" = *SV DC or?hc more positive voltage 
Logic "0” = Ov DC o'- ffta mow negative voltage 

CHiP SELECT 

The BO"5-8192 le provided with four programmable bits of chip 
select. Constructing largo memory systems with more than one 
8K ROM simply requires wire-working the ROM outputs and 
assigning different chip select codes to each ROM chip (when u 
chip Is not selected, Its outputs are at 3 logic “0"—the output 
device is ofl) In addition, cascading ROMs with th<> some chip 
6eiact code provides additional bits per word. 

The four chip select bite are permanently programmed inlo the 
ROM at the same time as the custom data pattorn, 31 different 
chip aoUict codes are. possible—16 unique codes and 15 
additional with "don’t cere" varietlons (|nthefollowlng*-Oorl): 

CS1 CS2 CS3 CS4 

X X X X - 16 codes 

DC X X X - 8 codes 

DC DC X X 4 codes 

DC OG DC X — 2 codes 

DC DC DC DC — 1 cod® 


General Instrument makes use of proven computertochmquesto 
provide fast and accurate generation of custom bit patterns. All 
necessary material, including the data pattern mask, test data a nd 
check lists (for customer verification), ao computer-generated 
end cross-checked. For the full details on data specification 
request the booklet ‘'RQ-5-8192/Cu6tom Coding Information*'- 
from any Gl Sales Office. 
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RO-3-8313A 

RO-3-8318B 


R 0-3-9316 A 
RO-3-93168 


16384 Bit Static Read Only Memories 


FEATURES 

„ 2048*8 Organization—'deal for microprocessor 
memory systems 
* Single -5 Volt Supply 
u TTL Compatible—all inputs end outputs 
hi Static Operation—no clocks required 

ions Max.mumAbcrtss TIM R0.3-8316B/93 6B 

« 85C.ns Maximum Access Time RO-S-SDlQA/goloA 
«, rhrae-Slapn Outpuls-under the (.omrol of three 
mask-programmable Chip Select inputs to simplify 
momOry expansion 

x Totally Automated Custom Programming 
ik Zener Protected inputs 
® Glass Passivation Protection 

description 

The General Instrument RO-3-9316A«S1SB and RO-3- 
S316A/9316B are 16,384 static Read Only Memorise organized 
2046 eitjht bit words and are ideally suited tor microprocessor 
memory applications. Fabricated in Gl'8 advanced GIANT a N- 
channel Ion-Implant process loanable operation Iromaslnjle -a 
Volt power supply, the RO-3-9316A/6310D and RO-3- 
9316A/93I0B otter the boat combination of hiph performance 
large bit storaee, and simple interfacing or any MOS Read-On,, 
Memories available today. 

ThG nO-3-aa>fiA-'8316B are direct replacements in pin 
connection and operation for tno Intel 8316A. and 23t6A 
The RO-3'9316A/9316B pm configuration is identical to that of 
the I met 2708 SK EPROM 

A separate publication, ’'RO- 3 -8315/9316 Custom Codmg 
Information," available from G! Salas Offices, describes tho 
punched card and truth table format for custom programming 
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bUECTfaiCAL CHARACTERISTICS 
Maximum Rating®’ 


Vs i and input ventages (wth respect to GNO) 
Storage Temperalurc 
Operating Temperature (Ta) . 


-0.3V to 40.0V 
-65'C to 4150° C 
O’C to V’Q'C 


Standard Conditions (urt/esis otherwise noted) 


‘Exceeding these ratings could cause 
permanent damage, functional operation of 
these devices at these conditions is not 
impli-ad—operating ranges are specified 
oelow 


Vi. *1 -5 Volts 

Operating Tompomture (T^) « 0°C to +70°C 
Output Loading. One TTL load, C. vm ~ 100pF. 



TYPICAL SYSTEM APPLICATION 

A complete system of 16K words of ROM (SP.ts/word) is easily 
obtained without any external address decoding by making use 
of programmable chip select features and by wiring the ou pu.r, 
of eight different ROS-8316's as shown In the «f?uro below 


CHIP SELECT TABU: 



RO-3-0316.VM1SA and RO’3-33ieB/9316B 


Characteristic 

sym 

Min 

Typ“ 

Max | 

Units 

~ ■ ■-- 

Conditions | 

DC CHARACTERISTICS 




j 


J ~ % 

Address. Chip Select, 







Latch Inputs 







Logic "1” 

Vi, 

2.0 

— 1 


V 


Logic “0" 

v„ 

— 

— 

0.8 

V 


Leakage 

ll, 1 

- 

— 

10 

A A 

1 

Data 0inputs 







Logic "1” 

V",' 

2.4 

— 

— j 

V 

i 1(111 = lOOpA t 

Logic “O' 


— 

— 


V 

I (,„ -a ’.6mA !| 

Leakage 

lui 

... 

— 

10 j 

#A 


Power Supply Current 






i 

In 

— 

-- 

1 SO j 

85 

rr)A 

1 Outputs open 




i 1 



| (RO-3-S316A/9316A) 


-- 


65 

95 | 

mA 

1 Outputs open 





_1 


(RO-3-8316B/93160) 



ftO"3-83tGA/e316A 


% 

| 

AC CHARACTERISTICS 






f. 

Address, Chip Select Inputs 







Cycle Time 

U 

800 


— 

ns 


Capacitance 

Ci 


5 

a 

pF 

MMH.I | 

Data Outputs 






i. 

Accuse 1 ime 

U<' 

-- 

600 

650 

ns 


Chip Select Response Time i 

tr 

-- 

200 

300 

ns 

*' 

Capacitance 

Co 

“ 

0 

10 

pF 

MMHz | 





TIMING DIAGRAMS 


_ _ j 

ADDRESS 'vl 

INPUTS 

c , , ' 


f. X 



[- ! occ - ~\ 





v ir 

l/ H 

2.2 

6 


ACCESS TIME (ADDRESS TO OUTPUT-CHIP SELECTED) 


RO-3-S31$B/93t®B 


AC CHARACTERISTICS 
Address, Chip Select Inputs 1 

Cycle Time j 

- 

I. 

400 



ns 


Capacitance 

C. 

- 

b 

8 

pF 1 

1 MMHz 

Dala Outputs* 

Access Time 

Ucc 

1 _ 

350 

450 

na 

1 

Chip Select Response Time ! 



100 

200 1 


j. 

Capacitance 

Cn 

1 “ ' 

6 

10 

L DF _J 

j MMHz 


~\/f SELECTED. 


ansi kJ^ a ™**** 



CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE) 


’"Typical values are at +25 C C and nominal voltages 




IMS 









TYPICAL CHARACTERISTIC CURVES 



F!g.1 ACCESS TIME VS, TEMPERATURE 




TYPICAL CHARACTERISTIC CURVES 



A . RO.3-83160/&316B 

RO-2-8316A/83J6A 

FI,., POWER SUPPLY CURHENT VS. SUPPLY VOLTAGE 



RO-a-BS'lBA/aS'iSB, RG'3-331EA/931SB 
FI0.5 OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE 



V„„ (VOLTS) 

R0-3-3316A/S316B, RO-3-9316A.'9316B 

flg.S OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE 

















RO-3-8310C RO-3-931BC PRELIMINARY INFORMATION 


16384 Bit Static R^ad Only Memories 


t9 2Q4flvg Organization—deal lor micro processor 
memory systems. 

H Singlo *5 Voll Supply 

* TT|_ Compatible-—all inputs ana outputs 
9 Slatfc Operation—no clocks required. 

* 350ns Maximum Access Time 

i Three-Stage Outputs-under the control of three 
mask-programmable Chip Select inputs to simplify 
memory expansion 

i Toiaiiy Automated Custom Programming, 
i Zener Protected inputs 
i Glass Passivation Protection 


DESCRIPTION 

The General Instrument RO-3-8316C/9316C are 16,584 static 
Read Only Memories organized os 204(1 eight bit words and are 
ideally suited lor mlcroprocesaer memory applications 
Fabricated in Gl'e advanced GIANT H N^hannel lon-Implant 
process to enable operation mom a single -5 Volt power supply 
the RO-3-8316G/9310C olfor the best combination of high 
larst ' bit stcra3e * 0nd slrr P' e interfacing of any 
mCjS Reao-Or.iy Memories available today. 

Tfia RO-3-B316C fa a diiscf replacement in pm connection and 
Operation for the Intel &316A find 23f oa. 

The RO-3-93160 pm configuration Is identical to that of the Into? 
2V0S 8K EPROM 

A separate publication, ‘•RO-3-8316/93'fi Custom Coding 
information ” available trom Gi Sales Offices, describes the 
punched card and truth table format for custom programming 


RIM CONFIGURATION 

2n LEAD DUAL IN LINE 
&0-3-3316C 


24 LEAD OUAl M LINE 
RO-3-9316C 


BLOCK DIAGRAM 



VfcMOJIY 


RCXMS3B4 



16384 Bit Static Read Only iUtesmory 


features 

n 40&6 y 4 Organization 
B Single -5 VoK Supply 
u TTL/DTl Compatible 
n static Operation-no clocks required 
r Address/Chip Select Latch Input-may be used \o gate in now 
Address or Chip Select Inputs 
u 1 n$ Maximum Access Time 
u 250 mW Typical Power 

9 Three-State Outputs—under control of 3 programmable 
Chip Select inputs 

« Totally Automated Custom Programming 
a Zener Protected Inputs 
ft Gia$3 Passivation Prelection 

description 

Tne General Instrument RO-3-16384 is a 18.384 bit static Read¬ 
only-Memory. It is organized as 4098 four bit words and requires 
12 bits of addressing Three programmable Chip Select Inputs 
are provided to simplify the connection ol several ROMs to a 
common bus The RO-3-16304 is constructed on n single 
monolithic chip utilizing low-voltage N-ehannei Ion Implant 
technology. 

A separaie publication, '‘RO-3-16384 Custom coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table data format ter custom 
Drogrfimtning of the RO-3-16384 memory, 
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ELECTRICAL. CHARACTERISTICS 
Maximum Ratings' 


TYPICAL CHARACTERISTIC CURVES 


'Exceeding these ratings coulo cause 
permanent damage Functional operation of 
this device ai these conditions is , lo t 
Implied—operating ranges are specified 
below. 

V;y •- 1-5 volts ±5% 

Operating Temperature (T*) == 0°C to *70° C 
Output Loading- One ttl load, C u tota , - 50 t)F 


V u . and input voltages twite respect to GND) -0.3V to -e.ov 

Storage Temperature - 65 ° C to + 150 * r- 

Operating Tamparatum (T.,) . go q to ’ + Vo a Q 

Standard Conditions: (unless otherwise noted) 


Characteristic 

Sym 

Min 

Typ" 

1. 

Unite 

Conditions 

DC CHARACTERISTICS 

Address, Chip Select, latch Inputs 
Logic "1” 

V :( . 



| 


“ 

Logic; "0" 

Leakage 

Data Outputs 

Vl! 

lu 


“ 

0.65 

10 

V 

uA 


Logie 11 1" 

VoK 

Vo, 

2 .2 

- 

- 

V 

■on lOOpA 





V 

•oi - 1.6mA 





10 

uA 


Power Supply Current 






- 


50 

05 

filA 

Outputs open 

AC CHARACTERISTICS 






— 

Address, Chip Select Inputs 

Cycle Time 

Set-up Time 

Hold Time 

Capacilnncp 

Latch input 

T< 

Us 

c, 

1.0 

0 

200 

5 

a 

}X& 

ns 

ns 

pF 

I “ 1MHz 

Pulse Width 

to* 

, 200 



n - 


Data Outputs 

Access Time 




1.0 

300 

10 

pS 

JLi 


Crv’p Select Response Time 
Capacitance 

w 

Co 

- _ 

200 

— _ 

Lalcn at-^-SV 
^ 1MHz 


Typical values are at '-25°C ana nominal voltages 


TIMING DIAGRAMS 



WITH LATCH INPUT HELD AT +5V 


WITH LATCH INPUT UTILIZED 



I 

I 



temperature, °c 



TEMPERATURE, X 



V 0H VOLTS 
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PRELIMINARY INFORMATION 


327S8 Bit Static Read Only Memory 


FEATURES 

so 4D9G»0 Organization—ideal for microprocessor 
memory systems, 
e Single *5 Volt Supply 
h TTL Compatible—all Inputs ana outputs 
0 Sialic Operation—no clocks required 
h fl50ns Maximum Access Time 
m Threa-State Outputs—under the control of two 
niaek-progr'ammabic Chip Select inputs to simplify 
memory expansion. 

m Totally Automated Custom Programming 
n Zener Protected Inputs, 
a Glass Passivation Protection 


DESCRIPTION 

The General instrument RO-3-9S32A is a 32,768 bit static Reao 
Only Memory organized as 4096 eight bit words and is ideally 
suited for microprocessor memory applications. Fabricated in 
Gl's advanced GIANT H N-channe 1 lon-lmplant process to 
enable operation from a single *5 Volt power supply, the R0-3- 
B332A offers the best combination of high oerformance. large bit 
storage, and simple interfacing. 
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KEYBOARD ENCODERS CHARACTER GENERATORS 


Cnaraclcr (.Tcnnrelo- 



MEMORY 

| PART ] 

PAGE 

BITS 

Organisation 

NUMBER 1 

NUMBER 9 
























Keyboard Encoder 

FEATURES 

a One integrated circuit required for complete keyboard 
assembly. 

■ Outputs directly compatible with TTL/DTl or MOS logic 
arrays. 

• External control provided for output polarity selection. 

a External control provided fo r selection of odd or even parity. 
» Two key roll-over operation. 
b N-key lockout. 

* Programmable coding with a single mask change. 

■ Self-contained oscillator circuit. 

a Externally controlled delay network provided to eliminate the 
effect of contact bounce, 

b Static charge protection on all input and output terminals. 
b Entire circuit protected by a layer of glass passivation. 


DESCRIPTION 

The General Instrument AY-5-2376 is a 2376 Bit Read Only 
Memory with all tha logic necessary to encodesingle pole single 
throw keyboard closures into a usable 9-bit code. Data and 
strobe outputs are directly compatible with TTL/DTL or MOS 
loglcarrays without the use of any special interface components. 
The AY-5-2376 le fabricated with MTNS technology and contains 
2942 P-channe! enhancement mode transistors on a single 
monolithic chip. 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 


V ce C 

Frequency Control SC 

Frequency Control CC 
Shift Input C 
Control Input C 
Parity Invert input C 
Parity Output C 
Oaie Output SBC 
Oeta Output B?C 
Oala Output 
Data Output BSC 
Data Output B*' 
Data Output 83 C 
Osib Output B2 C 
Dai* Output 91 C 

Strobe Output C 
VcC 
VcaC 

Strobe Control Input C 
Data & Strobe Invert input C 



□ Frequency Control a 
bxo 


Keyboard Matrix 
Outputs 



BLOCK DIAGRAM 



OPERATION 

TheAY-5-2376 contains (see Block Diagram), a 2376 -blt ROM^B 
stage and 11 -stage ring counters, an 11 -bit comparator-an - 
dilator circuit, an externally controllable delay'network faMjjj 
inating the effect of contact bounce, and TTL/DTL/ 
compatible output drivers. 

The ROM portion of the chip Is a 264 by 9 bit memory arranged 
™ ,n™ se-word by 9 -bh groups. The appropriate levels on the 
Phitt and Control Inputs selects one of the three BB-word groups, 
the 86-individual word locations are addressed by the two ring 
counters Thus, the ROM eddress Is formed by combining the 
Shill and Control Inputs with the two ring counters. 

Tha external outputs ot the 8-stage ring counter and the external 
inputs to the 11-bit comparator are wired to the keyboard to form 
sn P X-Y matrix with tha B8-Keyboard switches as the crosspoints, 
„ the s™ dby condition, when no key Is depressed the two nog 
counter* are clocked and seguen.lally address the ROM the 
absence ol a Strobe Output Indicates that the Data Outputs are 
'not valid’at this time. 

When a key Is depressed, a single path is completed between one 
outpuUtf the B-stage ring counter (X0 thru XT) end one rnp o 
the 11-bit comparator (YO-Y10). Alter a number of clock cycles, a 
condition will occur where » level on the selected pathtc the 


input from the 11-stage ring counter. When this occurs the 

on the Strobe Output. The Data Outputs remain stable until the 
key is released, 

As an added feature two Inputs are provided lor external polarity 
control of tha Data Outputs. Parity Invert [pin 6) P r ” ldes P° 
control of the Parity Output (pin 7) white the Data and Strob 

invert Input (pin 20) provides tor polarity control of Data Outputs 

B1 thru B6 (pins 8 thru IS) and the Strobe Output (pm 16). 

SPECIAL PATTERNS 

Since the selected coding ol each key is Pejhrt during the 
manufacture ot the chip, the coding cen be changed to fit any 
particular application ot the keyboard. Up » 264 “des° f up» 
bits (plus one parity bit) can be programmed into the AY 5 2376 
POM covering most popular codes such a,, ASCI I E ICDIC, 


timing diagram 


Y KEYBOARD 
MATRIX OUTPUT 


STROBE 

OUTPUT 


SWITCH 

RELEASE 



MINIMUM SWITCH CLOSURE 


= SWITCH BOUNCE * 

♦ 


maximum 

expected 


158 X 1/fl ▼ STROBE DELAY + 

1 * 


DETERMINED by 
EXTERNAL RC 


determined 

BY FREQUENCY 
OF OPERATION 
(EXTERNAL RCi 


STROBE WIDTH 

! 

MINIMUM TIME 
REQUIRED BY 
EXTERNAL 
CIRCUITRY 






ELECTRICAL CHARACTERISTICS 


Maximum Ratings 

V«i and Voo (with respect to Vce) .—20V io +0.3V 

Logic input voltages (with respect to Vcc) . . -20V to +0.3V 
Storage Temperature . . . -65° C to +150°C 

Operating Temperature Range . . . 0°Cto+70 9 C 


Standard Conditions {unless otherwise noted) 


•Exceeding these ratings could cause permanent oameg a 
Functional operat.on of this device at tnese conditions is not 
imp led—-operating ranges are specf.ed below. 


Vcc = +5 Volts ± 0.5 Volts, | (Vcc = Substrate Voltage) 

Vc«, = -12 Volts ± 1.0 Volts, Vm = GND. I Operating Temperature (T A )« 0°C to +70°C 


Characteristics 

Sym 

Min 

Typ“ 

Max 

Units 

Conditions 

Clock Frequency 

f 

10 

50 

100 

KHz 

See Block clag r am 
footnote** for typical 

R - C values 

Data Input 







(Shift, Control. Parity 
invert, data &6trobe Invert). 







Logic “0” Level 

V, 0 

Vco 

— 

+0.8 

V 


Logic “1” Level 

Vm 

Vcc—1,5 

— 

Vcc+0,3 

V 


Shift & Control Input 







Current 

llNS.C 

15 

36 

80 

M 

Vi=+SV 



8 

16 

30 

aA 

Vi=0V 

Data, Parity Invert Input 







Current 

IlND.J* 

— 

,01 

1 

aA 

V,=-5V to +5V 

X Output (X 0 -X 7 ) 







Logic *'1" Output Current 

Ixi 

— 

0 

— 

tiA 

Vom ~ Vcc 



80 

150 j 

400 

kA 

V 0 ui = Vcc-1.3V 



140 

300 1 

800 

fiA 

Vour—Vcc -2.0V 



250 

700 

1500 

»A 

Vout = Vcc-5V 



500 

1500 

3000 

uA 

Vol-t= Vcc — 10V 

Logic "0" Output Current 

Ixo 

15 

30 

80 

riA 

Von = Vcc 



13 

27 

65 

uA 

Volt » Vcc-1.3V 



12 j 

25 

60 

AA 

Vom » Vcc -2.0V 



5 1 

10 

40 

aA 

Vom - Vcc -5V 



— 

1 

20 

aA 

Vom a Vcc -10V 

Y Input (Y 0 -Y, 0 ) 







Trip Level 

Vv 

Vcc —5 | 

Vcc-3 

Vccr-2 

V 

Y Input Going 

Positive 

Hysteresis 

AV y 

.5 

.9 

1.4 

V 

Note 1 

Note 2 

Selected Y Input Current 

Its 

30 

60 

160 

aA 

! Vis = Vcc 



25 j 

54 

130 

aA 

Vis “ Vcc -1.3V 



24 

50 

120 

aA 

, V« » Vcc -2.0V 



10 

| 20 

80 

aA 

Vis = Vcc -5V 



— 

2 

20 

1 

Vis = Vcc—10V 

Unselected YlnputCurrent 

III- 

15 

30 

80 

oA 

V IN = Vcc 



13 

27 

65 

aA 

Vis-Vcc-1,3V 



12 

25 

60 

aA 

1 Vis = Vcc-2.0V 



5 

10 

40 

aA 

< 

i 

1 

Input Capacitance 

Switch Characteristics 

C,N 

— 

3 

10 

PF 

atOV 

Minimum Switch Closure 
Contact Closure 

“ 


_ 

“ 

~ 

See Timing Diagram 

Resistance 

ZcL 

— 

— 

300 

n 



2.0.0 

1X10^ 

— 

— 

n 


Strobe Delay 







Trip Level (Pin 19) 

VsD 

Vcc-4 

Vcc~3 

Vcc ~2 

V 


Hysteresis 

Vsu 

<5 

.9 

1.4 

V 

See Note 1 

Quiescent Voltage (Pin 19) 

Data Output (B,-B 6 ) 


-3 

-5 

-8 

V 

With 680KO to Vss 

Logic "9” 

— 

— 

— 

04 

V 

)ol= l.6ma 

Logic "1" 

— 

VCL-1 

— 

- 

V 

Ioh~100a3 

Power 


_ 

5 

10 

mA 

Vcc = +5V 

Icr. 

— 

— 

5 

10 

mA 

Voc“~l2V 









“Typical values at +25°C and nominal voltages. 


NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input. 

2. Guaranteed number of X & Y loads which may be applied to an X output = eleven. 
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TYPICAL CHARACTERISTIC CURVES 


- R » 680K Ohms - 
T a ■ -25 "C 

- Nominal Voltages - 


CAPACITANCE IS*' 

STROBE DELAY VS. Cl 


s 

77 

Ncr. 

~l 

-23 

OnmR 

Vottagss 

- 

£ 

- 

- 

- 


\ 






k 













Gw- 

_ 

L 

_ 

L 


CAPACITANCE Itfl 

OSCILLATOR FREQUENCY VS. C2 



TYPICAL OUTPUT ON RESISTANCE 
(Boon) VS. GATE BIAS VOLTAGE {V os ) 


NOMINAL SUM-t-Y VOLTAGE 

I I 


10 20 30 AO 60 

TEMPERATURE “C 


typical power consumption 

(mW) VS. TEMP (C°) 


' STATIC CHARGE 
PROTECTION DEVICE 

OUTPUT DRIVER 


'•Y' 1 INPUT STAGE FROM KEYBOARD 


STATIC CHARGE 
PROTECTION DEVICE 


Ol 


»X” OUTPUT STAGE TO KEYBOARD 
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STANDARD CODE ASSIGNMENT CHART 



Illustrated using a Logic “O’’ on the Data and Strobe invert Input (Pi 


n 20) and the Parity Invert Input (Pin 6). 


NOTE * This code * an 8 bi, ASCI, code Oulput B9 , s mduded a S an M d parity bit operating on op,puts Bt-BT 


•EXAMPLE 


y 9 


I 

* 


Bi B2 83 84 B5 B6 B7 88 PARITY 



normal 

shift 

control 


{CODE REPRESENTATIVE OF KEY DEPRESSION AT 
LOCATION X 0 — Yg AND PROPER MODE SELECTION) 


N =■ NORMAL MODE 
S ^ SHIFT MODE 
C « CONTROL MODE 

8 = OUTPUT LOGIC "I" (SEE DATA BI ~ B8l 
LOGIC "1”-t6V 
LOGIC "0” a GND 


TRUTH TABLES 


DATA (B1-B8) INVERT TRUTH TABLE 


DATA AND STROBE 

CODE 

DATA 

INVERT INPUT 

ASSIGNMENT 

OUTPUTS 

(PIN 20) 

CHART 

(B1-B8) 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

D 

0 


PARITY INVERT TRUTH TABLE 


PARITY 
INVERT INPUT 
(PIN 6) 

CODE 

ASSIGNMENT 

CHART 

PARITY 
OUTPUT 
(PIN 7) 

1 

1 



1 


1 

0 


0 

0 

0 



MODE SELECTION 


S C, 
_S C 
S C 
S C 


= N 

= s 
=■ c 
- c 
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AY-5-3600 


Keyboard Encoder 

FEATURES 

■ One Integrated circuit required for complete keyooard assembly, 
* N key rollover or lock out operation 

■ Quad mode operation 

■ Lock oul/rollover selection under externa) control (option) 

■ Self-contained or slave oscillator circuit. 

■ 10 output data bits available. 

■ Outputs directly compatible with TTl/OTl or MOS logic arrays. 

■ Output data buffer register included 

■ Output enable provided (option). 

■ External data complement control provided (option). 

■ Pulse or level dala ready output signal provided (option). 

■ “Any Key Down” output provided (option). 

■ Externally controlled delay network provided to eliminate the 
effect of contact bounce. 

■ Programmable coding with a single mask change. 

» Static charge protection on all Input and output terminals. 

■ Entire circuit protected by a layer of glass passivation. 

DESCRIPTION 

The Genera' Instrument AY-5-3600 is a Keyboard Encoder 
containing a 3600 bit Read Only Memory and all the 'ogic 
necessary to encode single pole single throw keyboard closures 
into a usable 10 bit code Data, Any Key Down and Data Ready 
outputs are directly compatible with TTL/DTL or MOS logic 
arrays without the need for any special interface components 
The AY-5-3600 Is fabricated withMTNS technology and contains 
5000 P channel enhancement mode transistors on a single 
monolithic chip 


PIN CONFIGURATION 

40 LEAD DUAL IN LINE 


»t page 


Optli 

I Option C 
Option C 

«C 

^ Option C 
Data Output B9 C 
Oata Output B3 C 
Oata Output B7 C 
Dala Output Bfi C 
Data Output as C 
Data Output B4 C 
Data Output B3 c 
Data Output B2 C 
Data Output Bi C 
V M C 
Data Read/ C 



3 Onlay Node irout 

5v =c 

g Shift Input 
Control Input 
p v 0G 
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ouo. ut* cubing INFORMATION 

Sai'KeyhoardETOMoTBoS, , 0 r wh" 0 ™' lns,rum » n, ' s AY-S- 
HOM pattern Ca ,ds).|Se B Note' rCl,,I ° P ' , °"‘ :a,d * nd ® 

PIN OPTIONS 

S:Sr=== 

External Clock 

in,r»i r o,=m e ., p 0 r ka3e p,n ,p ,nput ap “ ,emai ^— 
wi,h — 

Lockout/Rollover (LO/RO) 

Complement Control (CC) 

; 

,hS ,0 "°" lng Phart 1,813 ,h8P '" —-to .0 .he luocop. , etectM a60 , e ' 


use, tor verification. wf "<=h. will be returned to the 

note 1: Card and Truiq Tahio format avaitable upon re quw , 


Chip Enable (CE) 

a—M?"ifCST “ * to depression. 

eneoreLh n k e er ka9e P ' n WhB " td " ■*“» »«* «* required to 

Select the pin options desired: 

ExternaKJJock + 4 of the following functions 

LO/Ro! CC°CE°AKO, Bio' ,0ll0 " i " 9 ,uno,l “"S 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vdo and Vca (with respect to V«-) 

Logic Input voltages (with respect to V c ' c ) 

Storage Temperature . . ' 

Operating Temperature Range. 

Standard Conditions (unless otherwise noted) 

Vcc = 4.5 volts +0.5 Vo I Is 

Vcg = -12 Volts ±1.D Volts, Vdd = GND 

(Vcc = Substrate Voltage) 

Operating Temperature (T„). 0”C to +7CFC 


- -20V to +0.3V 
• -20V to +0.3V 
- 66 a C to +150°C 
0‘C to +70° C 


'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
unplred-operating ranges are specified 



I 

| 


j 


ELECTRICAL CHARACTERISTICS 


Characteristics 

Sym 

Min 

Typ” | 

Ma* | 

Units 

Conditions 

Clock Frequency 

f 

10 


100 | 

KHz 

See Block diagram footnote' 




50 j 



for typical R-C values 

External Clock Width 


7 


- 

pS 


Data & Clock Input 







(Shift, Control, 







Complement Control, 







Lockout/Rollover, 







Chip Enable 







& External Clock) 







Logic “0'’ Level 

Vjo | 

Vcc 


+0.8 

v 1 


Logic "1" Level 

Vi. 

V«r-1.5 . 

— 

Vcc+0.3 J 

V 


Shift & Control Input 







Current 

I.N5C 

75 

95 

120 

pA 

V, = +6V 

X Output (X 0 -X B ) 







Logic "I” Output Current 

Im 

40 

170 

400 

PA 

Vovr— Vcc. (See Note 2) 



600 

1300 

2500 

PA 

Vom= V«r 1.3V 



900 

1600 

3500 

PA 

Vout * Vcc.—2.0V 



1500 

3600 

6000 

pA 

Vovt = Vcc-5V 



3000 

6000 

10000 

PA 

Vour- Vcc-lOV 

Logic ''0" Output Current 

Ixo 

B 

15 

50 

PA 

Venn - Vcc 



6 

11 

35 

pA 

Vout = Vcc—1.3V 



5 

10 

30 

pA 1 

Vout — Vcc—2.0 V 



2 

5 

15 

PA 

Vour = Vcc-SV 



— 

0.5 

5 

pA 1 

Vout 13 Vcc - 10V 

Y Input (Y 0 -Y 9 ) 







Trip Level 

Vv 

Vcc-5 

Vcc-3 

Vcc“2 

V 

Y Input Going Positive (See Note 2) 

Hysteresis 

AVv 

0.5 

0.9 

1.4 

V 

(See Note 1) 

Selected Y Input Current 

J« 

18 

36 

100 

pA 

V,N = Vcc 



14 

28 

90 

pA 

Vi N = Vcc-1.3V 



13 

25 

80 

uA 

Vin «• Vcc.-2.0V 



6 

12 

60 

pA 

Vix <= Vcc-5V 



- 

1 

30 

1 F A 

Vin = Vcc-10V 

Unselected Y input Current 

Ivu 

9 

18 

50 

pA 

Vin = Vcc 



7 

14 

45 

pA 

V,n = V C ct-1.3V 



6 

13 

40 

uA 

Vin = Vcc.-2.0V 



3 

6 

30 

pA 

Vr.% = Vcc-5V 



— 

0.5 

15 

uA | 

Vis —Vcc-10V 

Input Capacitance 

ClN 

- 

3 

10 

PF 

atOV (All Inputs) 

X-Y Precharge 







Characteristics 


1500 

3500 

5000- 

pA 

V — Vcc 



200 

600 

1500 

, pA 

V = Vcc—5 (See Note 2) 

Switch Characteristics 







Minimum Switch Closure 

— 

— 

— 

— 

— 

See Timing Diagram 

Contact Closure 







Resistance 

Zee 

— 

— 

300 

n 



Zco 

ixio r 

- 

~ 

n 


Strobe Delay 







Trip Level (Pin 31) 

V,o 

Vcc-4 

Vcc-3 ! 

Vcc-2 

V 


Hysteresis 

V sn 

0,5 

0.9 | 

1.4 

V ■ 

(Sea Note 1) 

Quiescent Voltage (Pin 31) 


-3 

-5 

-9 

V 

With Internal Switched Resistor 

Data Output (B1-B1D), 







Any Key Down Output, 







Dele Ready 







Logic "0" 

1 — 

— 

~ 1 

0.4 

V 

lot - 1.6m A 

Logic ''1" 

— 

Vci-1 


— 

V 

Ion- i.Om A 



Vcc-2 

— 

1 — 

v 

Ion — 2.2 m A 

Power 







Ice 

— 

— 

8 

12 

mA 

Vcc - 4 5V 

loo 

i _ 

- 

B 

i. J1 

mA J 

Vog = -12V 


"Typical values are at 4-25°C and nominal voltages. 


NOTE 

/.Hysteresis is defined as the amount of return required to unlatch an input. 

2. Precharge of X outputs and Y inputs occurs during 63ch scanned clock cycle. 



^rn 6 dr s r;eX'c?u„^ k f^L a3soob,,Row9 - 

network .for eliminating the effect oTcontan S° nlrollable d8la V 

?‘e R 0M ooT Ti y o7VMos ou?;s:r ,pu ’ 

Into four 90-word by TO^t^oups 3 The*' 10 bi< mo,,, ° rY arran 9eo 

rSS:::F.s 

=HHS£SS?== 

In the standby condition when no ke n lhe c, ° ss P°' n,s - 
condition win icouTwherl^n ,h» ° f .°? Ck CyCles ’ a 

comparator matches a fevel on the cowesn h- ^ P "' h '° ,he 
input from the 'O-stage ring counter 9 comparator 

N KEY ROLLOYER 

™ ™-sss.'rsaiircss 


pressed at the end of the selected delav Hmo 
depressed k*y is transferred to the ou{ p u Z’JS *° r 

and .h 5 ' 9n>l appea,s '»»"»la stored in the enc ort t <ha da >a 
and he scan sequence is resumed If a i,,f rh “ d d key memory 
key ocation. the sequence Is repeated 7h h S al an °>heV 
Hey. If the match occurs lor an a?4dl 17 7 a " 00tlln B <be next 
not recognized. The code of the key ' ,he match | s 

output data buffer. k6y enc ° d « d remains in lfl * 

N KEY LOCKOUT 

H?-=s^Ks^rr''- kay 

by baiting the 

upon key release. The o ul pu, date bu ( , 8 ? stores ^ '* reSUm « d 
last key encoded. TTe torfis the cod e of the 

SPECIAL PATTERNS 

options can be changed to fit am/ *7 T P ' <h * codln 9 and 
keyboard. Up to 3S0 codes “up !o 10 hS can”7 M "° n ,ha 
into the AY-5-3600 ROM coverinn ? b P ro 9 rarT >med 


TIMING DIAGRAM 


minimum switch closure 

f~~ 90 CLOCK CYCLES 


[*“ 90 CLOCK CYC 
•«~JL STROBE j 

,E I I DEUr | 


J FOUR , 
as CLOCK ' 


data READY 
STROBE 



RESUME SCAN FOR—-*i 
P KEY ROLLOVER j 




!-;esuhe scan for 

n KEY LOCKOUT 


B „ UNCE+ (90 ,, + sreo8E DEL4r + sTRoBE mcth 

<1 D mteR 0 c y ] 

DETERMIWfh y 


DETERMINED 
FREQUENCY 
OF OPERATION 
(EXTERNAL RC) 


MINIMUM TIME 
Required sy 
external 

CIRCUITRY 


Flfl.2 CONFIGURATION & CODE OF STANDARD ENCODER 




OPTIONS PROVIDED WITH STANDARD ENCODER 

■ Device Marking; AY-5‘3600 a N-Key Rollover Only. 

■ Internal Oscillatoron Pin Nos, 1,2,3. B True Outputs Only. 

■ Any Key Output on Pin No. 4. B Pulse Data Ready Signal. 

Any Key Output True (Logic 1) Ouring Key Depression. a Internal Resistor to V D0 on Shift/Control Pin. 

■ Output Data Bit B10 on Pin No. 5. a Plastic Package. 


EXAMPLE 


X 0 


01 B2 03 84 ES B6 B7 B8 B9 BIO 


NSC SC 1 

I » I 11.10 

I I I I 

i-1-1-!- B--HE - E Hi--a / NORMAL 

1 1 I 

%--i — \-w --- m* -a- b ! shift 

Y 9 i I 

Q-1— » -H S0H CONTROL 


i-»— 


SOH 5HIFT CONTROL 


(CODE REPRESENTATIVE OF KEY DEPRESSION AT 
LOCATION Xfl - Yg AND PROPER MODE SELECTION) 


N » NORMAL MODE 
S « SHIFT MOOE 
C » CONTROL MODE 
SC “ SHIFT CONTROL 


8 * OUTPUT LOGIC V lSEE OATA 81-010) 


LOGIC V » 
LOGIC "0" » 


VccJ 

YdD J 


TRUE OUTPUTS 


MODE SELECTION 
S C * N 

s c * s 

§ c « c 

s c = sc 
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CAPACITANCE (pP) 
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AY-5-3600-PRO 


Keyboard Encoder and PROM/EPROM Application 


Th« AY-5-3800-PRO is pre-programmed during manufacture to 

provide specific yet simple b '™'V “ ded , 0 , U ! P 1 ^™ s U8 «cT To 
me purchase of oH-tho-shelt devices (distributors, etc.). To 
enhance the device flexibility, the binary’•utpliUhave been 
organized to provide direct Interface with a PROM/EPROM. 


The PROM (Programmable Read Only Memory) permits the 
programming of ?he required output code in 'actory or th 
field within minutes, thus making Miextmrnely’ sultablef ,br 
quantity, tast turnaround keyboard requirements. The EPROM 
(Erasable Programmable Readonly Memory) Is Ideally suited for 
prototyping, wnere patterns are quite variable, alto"'mg h 
EPROM to ba erased and reprogrammed repeatedly. Similar 
advantages are realized In the held where pattern changes are 
necessary in order to respond td redefined requirements or to 
subtle system peculiarities not previously encountered. 


Technical Description 

Tne AY-5-360O-PRO la a binary coded MOS-LSt device 
programmed to furnish 360 unique 9-bit codes (90 keys 
modes * 9 bits)- Option selections Include such popular 
(unctions os Internal Oscillator, Lockout/Rollover and an Any 
Key Down output. For lurthar, more explicit device 
characteristics rater to the preceding pages. The Internal 
oscillator Is a salt contained (on-chip) circuit option which 
eliminates the need ter any external clock source, For applica¬ 
tions necessitating an externa! clock source the interna 
oscillator Input pins may be utilized to function '"the slave mode 
of operation Lockout or. Rollover is selectable v s an Input pm. 
thus P allowing the versatility required on various keyboard 
applications. The Any Kay Down output performs the function of 
abating signal by acknowledging both a key depression and 
release, making It a convenient signal lor use in a repea, 
application. 

For ease ol translation, aach key is assigned an X-V “O'dtnate 
and, In turn, each X-Y coordinate has been identified with a 


eoecific vat simple binary coded output. Two formats are 
described’ the tlrst for application with a 64 key 4 mode keyboard 
and the second lor a 90 key 4 mode keyboard. 

The 64 kev 4 mode application as Illustrated In Fig. 8 utilized 
keyboard encoder addresses XO VO thru X6 V3. A unique 
combination ot one Input (V) and one output (X) is ■ a8, 9" 0d " 
each key, tor a total coverage ot 64 keys. Binary coded outputs 
B2-B9 have been arranged to provide the necessary 8-blt address 
inputs to the PHOMIEPROM, with B2 and B3 representing the 
variable mode Identification and B4-B9 each specific key 
closure. . 

When s key is depressed a path is completed between ona X line 
and one V line thus addressing that specific X-Y ROM coordinate 
In the AY-5-3600-PRO. The 8-blt binary code for that X-Y location 

(ref^Truth Tablapage14-15) Is transferred into a one characterfl- 

bit output latch (B2-B9) thus providing the appropriate 8-blt 
address to the 256*8 PROM/EPROM. 

Expansion to a 90 key 4 mode operation (see Fig. 9) is identlcato 
the 84 key 4 mode except: the 90 key 4 mode version ut, tzes the 
lull comptoment of addresses X0 Y0 thru X8 Y91(90 kaysMTta 8 
bit binary code (B2-B9) previously produced to address tne 
256*8 PROM/EPROM is now expended to a 6-blt Wnary cod 
mi-BSt for addressing to a 512*8 PROM/EPROM. With 
expansion to a 90 key 4 mode application outputs B1-B3 now 
serve as the variable mode identification. 

-,x.,xwf»rA«» tn a PROM/EPROM enables the custom 
programming of the required output date in the P R OM/EPROM 
ic directly coincide to the specific address inputs (tont the AY-5 
3600-PRO Any PROM whether it be bipolar, ultravioltrt erasable 
OMSlectricaity^altetable, may 0, employed to provide■ »' d ' 
variety ol "otf-the-sheit" keyboards. Once the keyboard 
assembly has gone beyond the prototyping stage, and assuming 
”e qusntlty/Iost permit, the PROM/EPROM del.to.^ be 
ponverted to the standard AY-5-3600 data format (ret■ AY-5-3600 
Custom Coding Information sheet) and produced in production 
quantities This ellmlnatea the PROM/EPROM expense while 
assuring the absence of undefined coding changes. 


Summery of Important Features 

. Ability to deliver complete keyboard assomtuies 

without sacrificing the features offered in the AY-5-3600 
Keyboard Encoder, 

D Ability to buy off-the-shelf devices (distributor, e ‘ c ) 

■ Ability to verify the specific pattern format using a PROM/ 
EPROM prior to a ‘custom’ encoder commitment. 


ci 








OPTIONS 


a Device Marking; AY-5-3600-PRO B Any Key Output on Pin No. 5. 

a Internal Oacillator on Pin Nos. 1, 2, 3 Any Key Output True {Logic 1) During Key Depression 

a Lockout/Rollover on Pin No. 4 a Pulse Data Reedy Signal 

Internal Resistor to Vp 0 on Lockout/Rollover Pin b Plastic Package 

b True Outputs Only h Interna! Resistor to V OD on Shift/Control Pin 


xv! 

NORMAL | 

SHIFT | 

CONTROL j 

SHFT/’CTRj 

..... _ 

j NORMAL 

i SHIFT 

i CONTROL ! 

SHFT/CTR 


000000000 j 

001000000 

oiooooooo ! 

onoooooo , 

45 

003101101 

i 001101101 

010101105 

011101101 

i ! 

000000001 

001000001 

010000001 

011000001 

46 

OO01O111O 

, 001101110 

010101110 1 

015101110 

2 i 

000000050 

005000010 I 

070000010 

011000010 

41 

i 000101111 

: 001101111 

i oioiotm 

011101511 

3 : 

000000011 1 

ooiooooii ! 

010000011 

011000011 

48 I 

j 000110000 

00111oooo 

010110000 1 

onncooo 


000000100 I 

005000100 1 

050000100 , 

OU 0001 oo , 

49 

i 0001100C1 

i 001110301 

1050110001 

011110001 

5 1 

ooocooiot 

001000101 

010000101 1 

011000101 

50 

; ocoi iooio 

001110010 

oionooio l 

011110010 

6 1 

000000110 1 

001000110i 

010000510 i 

011000110 

5) 

i 00C1J0011 

001110011 

1 D10110011 

011110011 

7 1 

oooooom 

001000111 

010000111 1 

011000111 

52 

OCOI10100 

001110100 

j010110100 • 

G1111010Q 

8 1 

000001000 l 

001001000 1 

010301000 i 

011001000 | 

53 

000110101 

0011)010) 

1010)10101 

011110101 

9 

COO 001001 

001001001 I 

010001001 ! 

011001001 1 

54 

, 000110110 

001110110 

1 010110110 

011110110 

10 1 

000001010 1 

001001010 1 

010-301010 I 

051001010 1 

55 | 

: O0OUO15 1 j 

001)10111 

1 0101)0111 

0111)0111 

11 

000001011 

ooiooioii ! 

010001011 1 

011001011 ! 

56 1 

[ 000111000 1 

001111000 

1 010111000 

011115000 

12 1 

000001100 1 

001001100 1 

010001100 1 

011001100 

57 1 

: coon toot j 

001115005 

1 050) 5100) 

01)11)00) 

13 

000001101 

001001101 ! 

010001101 1 

011001105 ! 

5B 

j 000111010 1 

001111010 

010111010 

011111010 

14 ! 

000001110 1 

001001110 | 

010001110 1 

051001110 I 

69 

1 000111011 1 

001151011 | 

1 0105 5 101 ) 

0)7115051 

15 1 

O000D1111 

001001 VI 

0100011 11 

OllOOttll 1 

60 1 

i otxmnoo 1 

001115100 1 

; cioimoo 

011111100 

16 1 

00001oooo 1 

OCIOIOOOO 1 

010010000 1 

011010000 i 

61 I 

, 0-30111131 I 

001111101 1 

i 010T t POT I 

OtH 1 5 501 

17 1 

000310001 

001010001 

010010001 

011010001 

62 1 

i 030111110 ! 

001111110 1 

1 0101111 

011111110 

IB 

000010010 1 

ooioiooio! 

010010010 1 

011010010 1 

63 

000111111 I 

001111111 1 

! 010111' IT | 

011111111 

19 

000310011 , 

ooioioon 1 

010010011 

011010011 

64 

j lOOOOOQOO 1 

101000000 1 

j 11 ooooooo 

111000000 

30 

000010100 

0010101oo 

010010100 1 

011010100 

65 

1OOOOOOO1 | 

101000001 I 

•10000001 

1I10C0001 

21 . 

000010101 

001010101 

01001O101 

011010101 

66 

I 100000010 i 

101000010 1 

■10000010 

111000010 

22 

000010110 1 

001010110 

010050110 

011010110 

67 

100000011 1 

101003011 I 

, 5 10000011 

111000011 . 

23 , 

oocoiont 

001010111 

0!00!Oil) 

1 011010111 . 

SB 

i 100000100 

101000100 

110000100 

1)1000100 1 

24 ; 

ooconooo 

001011000 

010011000 

011011000 

69 

, 100000101 1 

101000101 1 

i 110000101 

111000101 

: 25 j 

Oocoiiooi 

001011001 

01001100) 

1 OMOJIOOI , 

70 

! 100000110 

101000110 

1 nooooiio 

111000110 

26 

000011010 

001011010 

010011010 

: 01101 lotQ 

71 

; 100000111 

101000111 1 

; 110000111 

111000111 

27 

oooortOM 

005011011 | 

oioouoii , 

! 051011011 , 

72 

i 100001000 . 

101001000 

1 110001000 

111001000 

20 

oooomoo 

001011100 1 

,010011100 1 

! 011011100 

73 

. looooiooi I 

101001001 

110001001 '■ 

111001001 

29 

OOOOIITO' 

001011101 I 

! 01007 1 tot | 

1 011011501 | 

74 

! 100001010 1 

101001010 

j110001010 

111001010 

30 

000011110 

001011110 1 

010011150 1 

1 011011110 1 

75 

. 100001011 

101001011 

1110001011 , 

111001011 

31 j 

000011 lit 1 

oorotitti | 


1 011011(11 I 

76 

100001100 

101001100 

1 110001)00 

! 111001100 

32 

000100000 

Ooii00000 1 

010100000 1 

i 011100000 ! 

77 

. 100001101 

101001101 

! 110001101 

111031101 

33 | 

000100001 I 

0011OOOO1 

010100001 I 

! otitooooi : 

76 

1 loooo mo 

10100)110 

1 110001110 

: 111001110 

34 j 

000100010 1 

C01100010 

010100010 1 

I 011100010 

79 

100001111 

101001111 

i 110001111 

111001111 

35 1 

000100011 

001100011 1 

oioioooti | 

! OMiooon ■ 

80 

100010300 

1010’ oooo 

! iiooioooo 

1 111010000 

36 

0001001oo 

001100100 

1010100100 1 

j 0111D0100 

81 

100010001 

1O1Q100O1 

; 110010001 

111010001 

37 

000100101 

001100101 1 

010100101 

oil 100101 ' 

82 

100010010 1 

70)010010 

1 1)0010010 

111010010 

38 

000100110 

ooi loono 

1010100110 

i otiiooito 

83 

100010011 

101010011 

j 1100T0011 

111010011 

39 ' 

000100111 

001100111 1 

i 01010011 5 

01110C111 1 

34 

100010100 1 

TGJOlOICO | 

! 1100)000 

) J107 0100 

40 

OOOIOIOCO 

OO11O10OO 

| 010101000 

i 011101000 

1 85 

100010101 1 

1 101010101 1 

j 110010101 

111010101 

41 

000101001 

001101301 

010101001 

011101001 | 

86 

100CIC110 

1 1010)01101 

1 1)00)3510 


42 

000101010 

001101310 1 

; 010101010 

; 011101010 ! 

87 

. loooiom 

! 1010101111 

j 110013111 

111010111 

43 

000101011 

001101011 I 

010101011 

011101011 I 

83 

100011000 

1 1010)1000 i 

1 110011000 

11)011000 


000101100 

001101100 

! 010101100 

011101100 

89 

100011001 

101011001 

110011001 

111011001 







Character Generator 



OPERATING NOTES 


OPERATING DESCRIPTION „ ng , slx-blt Bina<y 

Character selection is achieved by prownil >9 se|oction is 
word el me Character Address l ™>“* mUM oounterClo<* 

•*>£*£ •» —" 

Da * Outputs. rom the five required tor 

Two additional columr P c,sit *°" • . spaC ' in g between ad|a- 

character ^Tcoant Co“^ InpXu^d to determine 

-„„b.e to reset thecounter into me '«* 

(sixth or ' «*»_ synchronize other system 

The Counter output s^ r d al An output appears 

components to the ROs j geuenth) counter state and can 

°°" eSP enSlJ used to clock an externel input data reader. 

* ~ U allows -I «. Oospu^jo n he dt~ 

^l.obC 3 n^ n ?o-»ire- 0 Redopera.ion M uaeo,the 

^Cr-st^r^hc^^^edm 
need not he pulsed continuous,y. 


The lohowlng table summarizes the 
RO-224Q5 input control States and 
corresponding drive levels’. 

Count Control ^2 

.;;;;;;;;;;;;;;;;; -si 

Countar Reset 

Operate. 

Reset . 

Blanking Input 

Unblank. 

Blank*. 

Output Enable +5V 

Enable . ov 

Disable*’ . 

* All data outputs high ( + 5V) 

•'Ail data output* open-circuited 


+5V 

OV 


+5V 

OV 


timing diagrams 

Timing diagram ,1) 

seer address, data oufactor generalo,. 

duringtyplcal operation of an a zz nl()Wp 

" S"Thteee„ horn ,n. top rows 
(OUT,) ot the characters' I and N. 


iiil 

ilii 


Al , dmihC relalicnships shown ,n diagram (1) apply to any other 

output or combination ot^characte^s as wett^ ^ hown | n timing 

Relevant input conditions ass 
diagram {D are as follows: 

Count Control,+5V 
Counter Reset. *5V 
Blanking Input. +5V 

Hadthe CmJht Cmitrol ‘ n .P u , ^ s^en ancftheOJunUm 

New character addresses are shows, cclnctdtng wth the ™ng 
edgeof the Counter Output; wav ^ ^ th# Coun tnr Output to 
tlon was selected to demons _ character address, 

advance an external input reg othe? time as well. 

Character addresses can be ch g * e t0 a character ad- 

dness chang^whe^i, forexample^thecounter Is staiionary 
of the five character column positions. 

Timing diagrams (3) 

the Counter Beset. Blanki tg P pull-up and pull- 
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Electrical CHARACTERISTICS 
Maximum Ratings’ 

permanent darnag*/ Func"io™'°‘'' d causo 

this device al mese el e P °™“ on 
implied—operatlnn , onditions 15 not 
beL. P a " ng rfln 9es ere soeci( | eli 


Vcc ~ +5 Volts +0 2S Volte* /w u 

Vca = -12 Volts me Volts s SIrate volta M 

Von = GND 

o p ntT&^ i^r cto+7 °“ c 


Voo an d Vo„ wi th respect to v cr 

Inputs with respect to Vcc ~20V to +0.31/ 

Storage Temperature • • • ■ . -20Vto+0.3V 

Operating Temperature .“65°C fo-H50°C 

. • • 0°C to +70° C 

Elands,<1 CondWona ( U n tess cinarwiaa no,ad, 
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CODING AND CHARACTER FONTS 


The RO-S-Z240S-CX)1 is a pre-programmed member of the 
RO-5-2240S series with ASCII encoding and (hecharacter fonts 
shown on the right. A logic 'T' represents an input or output 
voltage equal to v» (t-SV) hnd a logic "0" represents a voltage 
equal to Vm> (0V). 

An axample demonstrating the correspondence of Device out¬ 
puts and sequence to the SX7 dot matrix fonts is shown below: 

output 

12345 sequence 


OUT, - > 0 0 0 0 0 

OUT z --► 11110 

OUT 3 -► 1110 1 

OUT 4 -► • 110 11 

OUT s -*■ 10-11 

OUT*-»- 0 1-11 

OUT r -► 0 0 0 0 0 



The RO-5-2240S-Q02 Is pre-programmed with a character tont 
Identical to the font for the RO-5-2240S-Q01 below with the 
exception of the characters ‘O'. and 'M'. 

The RO-5-22405-002 font for these characters Is shown below: 
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St 


RO-3-2513 


Character Generator 


features 

’5HSS^~ raQU,rin9srow 

V„S^C^zr ,h8 “ nW °' a "'°^ 

• Sl a ndardZcr/RoSCZ B S S " 6, ' 0n 

Custom Programming Available " ' orTol3ll »' Automated 

Zener Protected Inputs 

• Glass Passivation Protection 

DESCRIPTION 

use ss a Character Generator r°?, 1 ,s ldo, “y suited (or 
GIANT I N-channel Ion-Implant n Gl ' s “PsanceC 

from a single +5 Volt power supply : Z ro 3 °™^'* Operatlon 
h, 9 h Speed raster scan CRT dlanL, R ?' 3 ' 2513 nan store, lor 
standard 5X7 dot matrixrornat ‘ ,u " 64 nParacters in a 

Placement in pl„ connection oZratfan 3/ « G r^ H '^ 01, “ direc * ra ' 
theSlgnetlcs 2513/CM2140 Tne^O -3 0513 k 0 . haraclw ,<>nt <°r 
programmed with lower case ASCII 3 Z5 ] ais M s °availablapre- 
Pm no. Ro-MSWcVr™ C ." rt characters ( G , 
Slgnetlcs 2513/CM3021. ’ & d fect rep,acemer lt for the 



A separate publication "RD-a ori-j r> 
lion,''available Irom Gl sales off 3 f U ? ,0m Go!llri 9 '"forma- 
card and truth table format to?" ulrom 650 ' 11585 th ' punch811 
RO-3-2513 memory. m pro 9ramming of the 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 









R0-3-2513-001 STANDARD PATTERN CHARACTER FORMAT (Upper Ca«* ASCII) 



The RQ-3-2513/CGR-001 is a pre-programmed version of the RO-3-2513 aeries wlih ASCII encoding and the character font shown 
below. A logic "1" represents an input or output voltage nominally equal to Vcc(+5V) and a logic "O" represents a voltaae nominally 
equal to GND (OV). 

An example demonstrating the correspondence of devloe outputs and addressing sequence to the 5*7 oot matrix font is shown 
below: 


CHARACTER 

ADDRESS 


ADDRESS 0UTPUTS 
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RO-3-251tMI05 STANDARD PATTERN CHARACTER FORMAT (Lower Case ASCII) 


A^oxamp'le demonstrating me correspondence ol devloe outputs and addressing sequence to the 6x7 dot matrix font la shown 
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TYPICAL CHARACTERISTIC CURVES 




ACCESS TIME vb. TEMPERATURE ACCESS TIME Vs. OUTPUT VOLTAGE 




OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 


Jal 


RO-5-5184 



Character Generator 


n Designed to drive Needle Printers. 

. Internal counter provides sequential column scanning. 

■ Forwerd/Reverse Control for left to right and right to left 

printing capability. . 

* Carry Output available for synchronization. 

■ Three-State output configuration. 

■ Two mask programmable Output Enable pins to allow 

memory expansion. _ 

■ ASCII coded standard part, R 0-5-5184-3000. 

e Mask programmable counter length to allow flexibility In 
character organization. 


description 

The RO-5-5184 is a 5164 bit Static Read Only Memory organized 
as 64 permanent storage locations of 31 bits each 
matrix). Six address lines are used for the selection of 64 different 
characters. An internal ring counter is provided for column 
scanning; column Information appears sequentially on the 9 
output lines. A Counter Reset Input Is available to initialize the 
sequential scanning. A Carry Output Is provided to synchronize 
external circuitry to the internal column counter. The hor- 
ward/Reverse Control allows scanning from left to right or from 
right to left. 

The 9 output lines have tri-state configuration. Two mask pro¬ 
grammable Output Enable pins are provided for expansion up to 
a 5184 x 4 bit system without external logic. 


PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

top Vitiw 

A, Input 

Carry Output C 

2 23 

3 A 2 Input 

B, Output c 

3 22 

3 A, Input 


t 

Aj Input 


5 20 

3 Input 

3j Ouipu; d 

6 19 

3 As input 

B s Outnutc 

T 18 

3 Voq 

B f Outpul C 

8 '' 

3Counter Clock 

B r Output 

9. 16 

3 Counter Base*. 

B e Output 

10 ' 5 

□ Farward/Revarso Control 

6, OulDUlC 

11 I 4 

3 Output EnaDle2 

VerC 

12 10 

3Qutput Enable 1 



_ 


Low threshold P-channel enhancement mode m ° ta ' 
nology is used for Input/output direct TTL compatibility. Al 
inputs are zener protected 


BLOCK DIAGRAM 


INPUTS 

At A2 A3A4A6 A6 


COUNTER COUNTER CARRY 
CLOCK RESET OUTPUT 


CHARACTER SELECT. 



COLUMN 

SELECTION 


FORWARD/REVERSE CONTROL 


l(XI) 
ll(Vlll) 
Ul(Vil) ^ 
IV(VI) ^ 

-4 

H 

-5 

V 


VI(IV) r 

STAGES 

vtt(lll) p 


VIH(II) T 1 


IX(I) jr 


j 








ELECTRICAL CHARACTERISTICS 



Maximum Ratings’ 

’Exceeding these ratings could cause perma¬ 
nent damage to this device. Functional oper¬ 
ation at these conditions Is not implied 5 

— operating conditions are specified below. § 

Standard Conditions (unless otherwise noted) 1 

k 

V,c = +5V ±0.5 V | 

V 0I = GND | 

V«o=~12V±1V I 

Characteristics apply over temperature range unless otherwise stated. ? 


voltage on any pin with respect to Vcc • -20V to +0.3V 

Temperature Range. -55 a C to +!25“C 

Operating Temperature . . . . . . 0°C to+70 # C 


Characteristic 

Min 

Typ- 

Max 

Units 

Conditions 

Counter,Clock Input 

Repetition Rate 

DC. 

350 

200 



Pufse Width, <pw 

Pulse Separation, <>s 

1.2 

1.2 



ps 

At a logic T level 

At a logic‘0’ level 

Rise & Fall Times, tr, if 

_ 

_ 



Logic ’0‘ Level, Vr 

_ 


r0.8 

Volts 


Logic T Level, V»[ 

Vcc—1.5 


_ 

Volts 


Input Leakage, U 

— 

_ 

10 



Input Capacitanca, Cis 

— 

10 

- 

pF 

V,n = V cc , 

Address inputs 

Logic 'O’ Level, Vu. 



m0.8 

VoitS 


Lotic ‘v Level, v IK 

Vc;-1,5 



Volts 


Input Leakage, li* 

— 

— 

10 

pA 

Measured at Vijj- Vet-10V at 25°C 

input Capacitance, C,n 


10 


P F 

Vm = V«,f=1MH2 

Reset Input 

Counter Clock to Reset 

Pulse delay. tr.*r. 

1 0 





Reset pulse width 

3.0 

- 

- 

ps 

Fig.2 

Data Outputs 

Logic'O’Level, Voi, 



0.4 

Volts 


Logic 'V Level, V 0 >; 

Vcc~ 1,0 

_ 

_ 

Volts 

low * 100 pA 

Clock to Output delay time, tco 
Clock to Carry Output 


2.5 

3.5 

ms 


delay time tcc 

Address to Output 

— 

1.5 

2.5 

MS 

Figs. 3,4,5,6,7, & 8 

delay time, U 0 

Reset to Output 

- 1 

2.5 

3.5 

MS 

1 TTL, lOpF load 

delay time, tans 

Forward/Reverse to Output 

— 1 

2.5 

5.0 

MS 

Ta =* 25° C 

delay lime, trso 

Output Enable 

— 

2.5 

3.5 

MS 


delay trme, tor.o 

- j 

1.5 

2.5 

MS 


Power Consumption, Pn 


250 

- 

mW 

T a = 25°C 


“Typical values are at -t-25 a C and nominal voltages. 


1+-26 
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UHCHATION 


CHARACTER SELECTION 

::r w «- * 

LS6). nputs are b,nar V weighted (a> is the 

COLUMN SELECTION 

^;sr^r»s==r„2s 


dead limeletaMn l"al Tta'tooic 1 ! ^pl * 11 " 9 ' he " v bacl< 

Control has to be constant^" toi T* °' For wtf'flsverse 

constant "O' 1 lor right to left scanning 6 '° SC1 “'""’ 9 aTO 


Flfl.S COLUMN SELECTION 



l8t line 
2nd line 
3rd line 
4th (Ins 

nth Hne 



FlS-tt FORWARD/SEVERSE PRINTINO 


OUTPUT ENABLE DECODER 


Two Output Enable lines are provided for chip selection, when a manentiy programmed into the ROM at the same time as the 

| chip is not selected the outputs are disabled (high impedance). custom data pattern. 

i Output Enabla signals are Internally decoded by a mask pro- Aaystemot4 X5184» 20738 bit character generator needing no 

grammable decoder to minimize logic for memory expansion. external enable logic is easily obtained wiring the outputs of four 

The output enable code assigned to different RO-5-5184 Is per- different RO-5-S184 together as shown on 1(0,11. 


OUTPUT ENABLE CODING | 


Output 

Output 

DEVICE SELECTION 


Enable 1 

Enable 2 

A 

B 

C 

D 

A 

0 

0 

selected 


- 


B 

1 

0 

- 

selected 

- 

_ 

C 

0 

1 



selected 

- 

D 

1 

_1_ 



- 

selected 


COLUMN COUNTER 

Thiscounteroperatesontheposltivegoingedgesofthe Counter position, to indicate that a character has been fully scanned. 
Clock. Whenactive (fogicT) the Counter Reset Input resets the counter 

Each counter cell is implemented with a cross coupled tip-flop in the frst position to initialise the scanning, 
so that the counter position is fully static. The counting length Is mask programmable, it is possible to 

Carry Output is active (logic T) when the counter is in the last program any length between five and nine. 

OUTPUT STAGES 

Nine TTL compatible Outputs (Bi to &) are provided to show the 
memory content. 

The Tri-state configuration of output stages allows bus structure 
for memory expansion under (he control of Output Enable 
signals. 
















































































PACKAQE OUTLINES/ 


SAL 



.. _.... 

ELECTRONICS 














PACKAGE OUTLINES (All dimensions iri inches) 
1C LEAD DUAL INLINE 















PACKAGES OUTLINES (All dimensions in Inches) 
24 LEAD DUAL INI UNE 



plastic 


CERAMIC 


















UNMTEO' STATES 


WORTH AMERICA 
UNITED STATES 

GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 

HEADQUARTERS — 600 Wes* ,icf;r Street 
Hickos'itlo, New York 11002 
Tel 5!6-73?-3107. TWX: 510-Z2MB66 
NORTHEAST - Riverside Office Park, Suite 103. 
Riverside Road. Weston, Massaenusette 02193 
Tel 617-899-8S00, TWX 7lO>3?4-07€? 
SOUTHEAST- 27* Smiling Circle. 

Hurl valley. Maryland 21020 

Tel, 301-628-2120, TWX 710 002-3064 

EAST CENTRAL - 20G Wflme- Roaa. Box 246. 

Horsham Pennsylvania *9044 

T ei (2 1 S) 674-4000, Telex. 03140? 

CENTRAL — 3101 West Pratt Boulevard, 

Chisago. Illinois 60C45 

Tel. 3V2-33E-2S00. TWX 910-227-1416 

GQuTHWESl — 2355 West Williams Field Roaa 

Chandler, Arizona 35224 

~ei 602-932-7373 TWX- 910-950*1363 

WESTERN 1100 Quaii Street. Suite V<1 

Newport Beach. California 92660 

Te|’ 714-333-9400. TWX: 910-595-1730 

SOUTH AMERICA 
BRAZIL: 

GENERAL INSTRUMENT leC Ula 

A* p«ria Lima ■’794. Sso Paulo CEP 01452 
Tel 2105508 


EUROPE 

EUROPEAN SALES HEADQUARTERS: 

GENERAL INSTRUMENT MICROELECTRONICS LTD 

57/61 Mortimer Street London WIN 7TQ 
Tel 0-I-53S-2C23/4/5 T fi; ex 2327? 

CENTRAL EUROPEAN SALES OFFICE: 

GENERAL INSTRUMENT DEUTSCHLAND GmbH 
(MOS PrarJuksgrt.ipc>s) 

WordCiKlatrSSse 1A, 3CG0 Munchen aq 
Tel (OSDi20 4O31, Telex 528054 
SOUTHERN EUROPEAN SALES OFFICE 
Via Lorerizetti 6 20i 00 Milano 
rei 02/4034101 Telex- 39423 

ASIA 

HONG KONG; 

GENERAL INSTRUMENT HONG KONG LTD, 

Room 704 Sis' House, 3 Sallsoury Road, Kowloon 

Tel: 3-675528. r<;!cx. 84606 

JAPAN: 

GENERAL INSTRUMENT INTERNATIONAL. CORP. 

HEAD OFFICE — iy Shiba-Fukide-cho, 

Minato-ku Tokyo 105 

Tel (03)437-0281, Tstsx 26579 

OSAKA OTFICF - 259 Yamajjucn-cho. 

Higashi Yodogawa-ku Osaka 
Te) (06)323-1877 

TAIWAN: 

GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 

B2-ii Kaohsiung Export Processing Zone Koensiung 
Tel (07) 830402. Telex 705-81901 



ARIZONA 

Electronic Development & Sale? 
4414 N 19th Avenue-Suite M 
Phoenix, AZ 85C15 
Tel (602) 277-7407 
CALtFORNIA 
Varlgon Assoc. 

*37 Eucalyptus Drive 
E! Segundc CA 90245 
Tel (213) 322-1120 
TWX’ 910-348-7141 
COLORADO 
Eggeman Assoc. 

3585 Owens Street 
Wheat Ridge, CO 80033 
Tel' (303) 423-3707 
CONNECTICUT 
Gerald Rosen Co. 

Colonial Square 
2420 Mam Street 
Stratford. CT 06497 
Tel (203) 375-5456 
FLORIDA 

Hutto, Hawkins & Peregoy 
139 Candace Drive 
Maitland, FL 32751 
Tel: (305) S31-2474 
TWX- fi t0-653-0256 
Hutto. Hawkins & Peregoy 
2159 S.E 9th Street 
Pompano Beach, FL 33062 
Tel (305) 943-9593 
TWX 510-956-9402 

ILLINOIS 

Me team Assoc. 

2 Talcott Road 
park Ridge, IL 60068 
Tei. (312) 696-1490 
TWX: Si0-253-5941 

INDIANA 

V.S. & Assoc. 

1000 N. Madison Avenue 
Greenwood, IN 46142 
Tel: (377) 888-2260 
TWX. 810-260-2231 
V.S. & Assoc. 

2122A Miami Street 
South Bend, IN 46613 
Tel: (219) 291-6258 

TWX’ 010-239-2535 

IOWA 

P M A 

1801 IF: Tower 
Cedar Rapids, IA 62401 
Teh (319) 302-9177 

KANSAS 

P VI A 

9602 Outlook Drive 
Overland p ark, KS 6620*3 
Tel. (913) 381-0004 
TWX' 910-749-6473 


P M A 

2205 S. Seneca 
Wichita, KS 67202 
Tel. (316) 204-2662 
TWX: 910-741-6851 

MARYLAND 
Component Sales 
Hilton Plaza Inn — Suite 206 
126 Reisteratown Road 
Baltimore. MD 21208 
Tel: (301) 484-3647 
TWX 710-862-0852 

MASSACHUSETTS 

Gerald Rosen Co. 

271 Worcester Road 
Framingham, MA 01701 
Tel. (617) 879-5500 
TWX: 710-360-0466 

MICHIGAN 

V.S. & Assoc. 

29551 Greenfield Road 
SUiie 219 

Southfield, Ml 48076 
Tel. (513) 559-3660 
TWX: 810-299-2535 

MINNESOTA 

Quantum Sales 

7710 Computer Avenue 
Minneapolis, MN 55435 
Tel: (612) 831-8563 
TWX: 910-676-2986 

MISSOURI 

P M A 

140 Weldon Parkway 
Maryland Heights, MO 63043 
Tel (314) 569-1220 

new jersey 

R.T. Reid Assoc. 

705 Cedar Lane 
Teaneck, NJ 07666 
Tel' (201) 692-0200 
TWX. 710-990-5006 
NORTH CAROLINA 
Component Sales 
P.0 Box 18821 
Raleigh, NC 27609 
Tel: (919) 782-8433 
TWX: 5-0-928-0513 

OHIO 

Bear Marketing 
3623 Breckeviile Road 
Richfield OH 44206 
Tel (216) 659-3131 
TWX 8KM27-9100 
OREGON 
Jas.Backer Co. 

2035 S.W 58th Street — Rm 207 
Portland, OR 97221 
Tel (503) 297-3776 


PENNSYLVANIA 
fosler-McCIInton 
2867 Washington Rood 
BridgeviHe, PA 15017 
Tel: (412) 941-4800 
Telex: 866477 
Fosler-McClinton 
2131 W. 8th Street 
Erie. PA 16505 
Tel: (814) 455-91H 
Telex: 914462 
Knowles Assoc. 

1 Fairway Plaza, Suite 30 
Huntingdon Valley, PA 19006 
Tel: (215) 947-6641 
TWX' 510-665-5303 
TEXAS 

Oeler & Monelaldea 
6065 Hlllcraft 
Houston TX 77035 
Tel. (713) 772-0730 
TWX 910-867-4745 
Osier ft Menelaides 
558 5. Central Expressway 
Richardson, TX 75080 
Tel (214) 234-6334 
TWX: 9 '0-867-4745 

WASHINGTON 

Jas. J. Backer Co. 

221 West Galer Street 
Seattle, WA 98119 
Te: (206)285-1300 
TWX. 910-444-1646 
WEST VIRGINIA 
Foster-McCHnton 
17 Pembrooke Lane 
Huntington, W VA 25705 
Tel (304) 763-5161 


CANADA 

ONTARIO 

Pipe-Thompson, Ltd, 
83 Cumberland Drive 
Mississauga, Ontario 
Teh (416) 274-1269 





UNITED STATES 


ARIZONA 

MIR CO 

2005 W, Peoria Ave 

Phoenix, A Z 85029 

Tel: (602) 097-6194 

CALIFORNIA 

SEMI COMP 

4029 Westerly Place 

Newport Beach, CA 62660 

Tel: (7M) 833-3070 

WTERIVIARK 

4040 Sorrento Valley Rd 

San Diego, CA 92121 

Tel: (714) 279*5200 

INTERMARK 

1802 E, Carnegie Ave. 

Santa Ana, CA, 92705 
Tel: (714) 540-1322 
DIPLOMAT 
1118 Elko Dr, 

Sunnyvale, CA. 94086 
Tel: (408) 734-1900 
IN7ERMARK 
1020 Stewart Dr, 

Sunnyvale, CA. 94086 
Tel: (408) 738-1111 
SEMICONDUCTOR CONCEPTS 
20201 Oxnard St. 

Woodland Hills, CA 91364 
Tel. (213) 084-4560 
COLORADO 
CENTURY 
8155 W. 48th Avo 
Wheatrldge, CO. 80033 
Tel- (303) 424-1985 
CONNECTICUT 

ARROW 

295 Treadwell St, 

Hamden, CT. 06514 

Tel: (203) 248-3801 

FLORIDA 

DIPLOMAT 

1771 N, Hercules Ave. 

Clearwater, FLA 33515 

Tel: (813) 443-4514 

ARROW 

1001 N.vV, 62nd St. 

Ft Lauderdale, FLA. 33300 
Tel: (305) 776-7790 

Illinois 

hall-mark/cmjcago 

180 Crossen Ave. 

Elk Grove Village, ILL 60007 
T el; <312) 437-8800 


INDIANA 

FT, WAYNE ELECTRONICS 
3606 E Maumee Ave 
Ft Wayne, IN 46803 
Tel: (219) 423-3422 

KANSAS 

HALL-MARK/KANSAS CITY 
11070 W. 91st St. 

Shawnee Mission, KS 66214 
Tel: (913) 888-4747 

MARYLAND 

ARROW 

4801 Benson Ave 
Baltimore, MD 21227 
Tel. (301) 247-5200 
PIONEER 
1037 Taft St. 

Rockville, MD 20850 
r el* (301) 424-3300 
MASSACHUSETTS 
DIPLOMAT 
559 East Street 
Chicopee Falls, MA. 01020 
Tel- (413) 592-9441 
DIPLOMAT 
Kuniholm Dr. 

Holli3ton. MASS 01746 
Tel: (617) 429-4120 
CRAMER 
85 Welle Ave 
Newton, MASS. 02159 
Tel: (617) 964-4003 
GREENE/SHAW 
70 Bridge St. 

Newton, MASS 02158 
Tel; (317) 969-8900 
arrow 

93D Commerce Way 
Woburn, MASS0183G 
Tel: (617) 933-5130 

MICHIGAN 

DIPLOMAT 

32708 w Eight Mile Fid. 
Farmington, Ml. 48024 
Tel: (313) 477-3200 
MINNESOTA 
ARROW 

9700 Newton Ave, So. 
Bloomington, MM. 55431 
Tel- (612) 386-5522 
HALL-MARK/Ml FINES OTA 
92Gi pann Ave So. 
Minneapolis, MN. 55421 
Tel. (612) 864-9056 


MISSOURI 

HALL-MARK/ST. LOUIS 

13789 Rider Trail 

Earth City, MO. 03045 

Tel: (314) 291-5350 

DIPLOMAT 

2.725 Mercantile Dr. 

St. Louis, MO. 63144 
Tel: (314) 645-8550 

NEW JERSEY 

ARROW 

Pleasant Valley Rd, 
Moorestown, N.J. 08057 
Tel- (609) 235-1500 

ARROW 

285 Midland Ave. 
Saddlebrook, N.J. 07662 
Teh (201) 797-5800 
DIPLOMAT 
490 S. River view Dr. 
Totowa, N.J. 07511 
Tel. (201) 785-1830 

NEW MEXICO 

CENTURY 

121 Elizabeth N.E, 
Albuquerque NM 87108 
Tel: (505) 292-2700 


NEW YORK 

SUMMIT 

916 Main St. 

Buffalo, N.Y. 14202 
Tel: (716) 884-3450 

ZEUS 

500 Executive Blvd. 

Elmsford, N.Y. 10523 
Teh <9?4) 592-4120 

ARROW 

900 Broad Hollow Rd, 

Farmingdale, N.Y, 11735 

Tel: (516) 694-6800 

ARROW 

Old Route 9 

Flshklll, N.Y. 12524 

Tel: (914) 896-7530 

SEMICONDUCTOR CONCEPTS 

145 Os or Ave. 

Hauppauge, N.Y 11787 
Tel: (516) 273-1234 
DIPLOMAT 
303 Crossway Park Dr 
Woodbury, N.Y. 11797 
Tel: (516) 921-9373 


UNITED STATES 


CANADA 


NORTH CAROLINA 

PIONEER 

2906 Baltic Ave 

Green6boro, N.C. 27406 

Tel, (919) 273-4441 

OHIO 

ARROW 

23500 Mercantile Rd 
Cleveland. OH 44122 
Tol, (216) 464-2000 
ARROW 

3" 00 Plainfield Rd. 

Dayton, OH. 45404 

Tel (513) 253-9176 

OREGON 

UNITED RADIO 

123 N E. 7th Ave 

Portland, QR, 97214 

Tel: (303) 233-7151 

PENNSYLVANIA 

PIONEER 

203 Witmor Ra 

Horsham, PA. 19044 

Tel (215) 674-5710 

HALL-MARK/PHILADELPHIA 

458 Pike Rd 

Huntingdon Valley, PA. 19006 
Tei (215) 355-7300 
TEXAS 

HALL-MARK/DALLAS 

9333 Forest Lan9 
Dallas. TX 75231 
(214) 231-6111 
HA L L-MAR K/HOUSTON 
aoGO Westgien 
Houston, TX 77063 
(713) 731-6100 
UTAH 

CENTURY ELECTRONIC 
2150 So 300 West 
Salt Lake City. UT. 84115 
Tel (801)437-8551 
DIPLOMAT 
2280 So. Main St 
Salt Lake City, UT 84115 
Tel (801) 486-7227 

WISCONSIN 

ARROW 

2925 South 160th St 
New Berlin. Wl. 53151 
Tel: (414) 782-2801 
HALL-MARK/MILWAUKEE 
237 South Curtis 
West Allis, Wl. 53214 
Tel: (414) 478-1270 


BRITISH COLUMBIA 
RAE Inoustrlal Electronics Ltd. 
1629 Main Street 
Vancouver, B.C. 

Tel: (604) 687-2621 
TWX. (810) 929-3065 

MANITOBA 

Cam Guard Supply & Service Ltd 
1777 El lice Avenue 
Winnipeg, Manitoba 
Tel: (204) 786-0481 
Telex: 07-57622 


ONTARIO 

Oownevlew 

Casco Electronics Ltd, 

24 Martin Ross Avenue 
Downsview, Ontario 
Tel (416) 661-0220 
Teiex- 02-29697 

Ottawa 

Casco Electronics Ltd 
1300 Carling Avenue 
Ottawa, Ontario 
Tel: (613) 729-5118 
Telex: 053-3564 
Rexdale 

Future Electronics Corp 
44 Faskan Drive, Unit 24 
Rexdale, Ontario 
Tol: (416) 667-7820 
Wllfowdal* 

Electro Sonic me. 

1100 Gordon Baker Rose 
Wlllowdale, Ontario 
Tel: (418) 494-1666 
Telex: 06-22030 


QUEBEC 

Montreal 

Cesco Electronics Ltd. 

4050 Jean Talon Street West 
Montreal, Quebec 
Tel: (514) 735-5511 
Telex' 05-25590 
Future Electronics Corp. 
5647 Forrler Street 
Montreal, Quebec 
Tel. (610) 421-3251 
Telex: 05-827789 


EUROPE 


AUSTRIA 
Etbatex GmbH 
Brcftenfurter Sir. 331 
A-1S35 Wien 
Tel 0222/869768 
Telex: 013(28 
BELGIUM 

C.P. Clare International N.V 
10? Gon Gretry 
Bruxelles 4 
Tel: 02-73B.Ol.97 
Telex. 24157 

DENMARK 

A/S Nordisk-Hektronik 
J ran storm ervej 17 
DK-2730 Herlev 
Teh 84.30.00 
Telex 19213 

FINLAND 

Jorma SarkXinan Ky. 
Koikinlorl, p.o Sox 19 
SF-O210O Taoiola 
lei 46.tO.B8 

T *lex. 122028 

FRANCE 

P C.p 

4 Rue Bartheleniv 
S2l2o Montroiige. 

Tel: 735.33.2Q 
TBlex; 204634 

GERMANY 

Frankfurt/Main 

Berber Cfektronik GmoH 
Am Hergarten 14 
Tel: 0611/490311 
Telox, 04-12049 

Helibrorm 

Elbaiex GmbH 
La&cilienstr. 24 
Tel: 07131/69001. 

Telex: 728362 

Lehrte 

Aitran 

A.E "hrcnlcke KG 
3160 Lehrte 
Postfach ^280 
Tel: 05132/53024 
Telex: 922383 


Munchen 
Electronic 2000 
Vertrlebs-GmbH 

Neutnarkler Str. 75 
3000 Munchen SO 
Tel: 0 09/43 43 61' 

Telex: 02-2531 

GREECE 

E'fon Ltd. 

Konstantinoupoleos 18-20 

Nea Smyrni Athens 
Tel: (021)93 48 912, 

Telex. 214160 

HOLLAND 

Curfjn Hasselaar 
V Utenhoveweg 100 
P-O. Box 37 Gelderrnaisen 
Tel. (Q) 3465-3150 
Telex: 40239 

IRELAND 

Neltronio Ltd. 

John F Kennedy Hoad 
Naas Road, Dublin 10 
Tel: (01) 501845, 

Telex; 4837 

ITALY 

Milano 

Adeisy S.p.A, 

Via Domenlchino, 12 
20100 Mitamo 
Ter 4965051-2-3-4-5 
Telex: 39423 
Genova 
Adeisy S.d.A. 

f^i a . dei,a vl W<* r »8. 15/26 
[6121 Genova 
' el: 0^C/609674 
Floma 

Adeisy S.p.A 

P.le Flamjnio 19 

0O196 Roma 

Tel 1 05/3606580/3606769 

Torino 

Adeisy S.p.A 

C.so MaUeotli. 32/A 

10121 Torino 

Tel: 011/53914 


Udine 

Adeisy S,p.A 
Via Marangom, 45/40 
33100 Udine 
Tel- 0432/26996 
Cslderara d| r Gi1o 
TCX. S.r.i. 

Locality Upper 
Via Crccetta, 39 
40012 Calderaru Di Remo 
Tal 051/726186 

NORWAY 

J.M. Fa ring A/S 
Box 10'., Bryn, Oslo 6 
Tel' (02i 19.62.00 
Telex: 16435 

SWEDEN 

Algers Elektronik ab 
B ox 7052 

S-172-07 Sundbyborn 
Tel 08-905475, 

Telex- t0526 

SWITZERLAND 

Ellyptic AG 

Posifach 174. 8035 Zurich 
T 0 I. 33.05.89 
r R(ex. 56835 

TURKEY 

£FG Inc 

Buyukdara cad Hayat 
A.p Sft/l 

MeckMyekoy, Istanbul 
Tel - 66 73 01 , 

T elex: 2;?562 

UNITED KINGDOM 

Keighley 

Semicomps Northern Ltd 
legrow Lane 
Keighley. W. Yorks 
Tel- Keighley 65191 
Telex- 517343 
Kolso 

Semlcomps Northern Ltd. 
East Bowmont Street 
Kelso, Roxburghshire 
Tel: Kolso 2366. 

Telex; 72602 
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EUROPE 

Kenilworth 

Bemicomps Ltd. 

3 Warwick House, Sta. Rd. 
Kenilworth, Warwickshire 
Tal: 0026-59411. 

Telex; 31212 

Manchester 

GDS (Sales) Ltd 
24 Broughton St 
Cheeton Hill, Manchester 
Tel. 061 031 7471 
Telex 668304 
Portsmouth 
SDS Components Ltd. 

Hilsaa Industrial Estate 
Portsmouth, 

Hants P03 5JW 
Tel: 0705 65311. 

Telex: 86119 
St. Albans 
Semrcomps Ltd. 

Wellington Road 
London Colney 
St. Albans, Herts 
Tel- Bov/mans Green 24522 
Telex 21108 

Slough 

GDS (Sales) Ltd. 

380 Bath Road 

Slough SLt 6JE 

Tel 06286-63611. Telex- 84757^ 

West Drayton 

Semiconductor Specialists Ltd, 
Premier House. Fair'ieid Road 
View slay, West Drayton 
Middlesex. 

Tel. West Drayton 464i5 
Telex: 21958 

YUGOSLAVIA 

Elly pile AG 

Postfach 174,8036 Zurich 
Tel: 33.05.89, Telex: 56835 


MIDDLE EAST 

IRAN 

A, Ardcbals 

136 Vozara Avenue, Ten ran 
Tel; 621503 

ISRAEL 

Alexander ScVineider Lid 
44 Petach T)kva Road 
Tel-Aviv 

Tel. 32Q.89-346.07 
Telex: 33613 


ASIA 

HONG KONG 

Asteo International Ltd. 

Oriental Centre — 14th Floor 
67-7i Chatham Roacf. Kowloon 
Tel: 3-694751, Telex' 730.74099 

INDIA 

SDM and Associates 
A-3/9 Jan&kpurl 
New Delhi - 1GQ 053 
Tel: 393349 or 391225 

KOREA 

Dongyoung Tradlng Company 
CPO Bdx 7336, Seoul 
Tel: 794-4312. t 0 | € ,x- 27335 

PHILIPPINES 

Astec Philippines 
Makati Stock Exchange Bldg 
2nd Floor, Room 233 
Ayala Ave., Makati Rizai 3117 
Tel: 89-99-9T, Telex: 07563553 

SINGAPORE 

Astec Singapore Pte Ltd. 

1704, Golden Mile Towers 
Beech Road, Singapore 7 
Tel: 2-920-826, 

Telex- 08723489 


TAIWAN 

Astec Taiwan 
Room 803, 8t?i Floor 
282 Ljn Shinn Road, Taipei 
Tol- 522-4300, Telex: 08523300 


AUSTRALIA 

New South Wales 
G.E.S. (Ply) Ltd 
98 Alexander Street 
Crows Nest, M.S.W 
Tel. 439-2488. Telex 25486 
Victoria 

FI and D Electronics (pty) Ltd. 
23 Burwood Road 
Burwood, Victoria 
Tel: 288-8232, Telex, 33288 


SOUTH AFRICA 

Bramtcy 

Metlionics (Pty.) Ltd 

P.O. Box 39690 

B ram toy 2018 

Tel 40-7746. Tolax: 8*4652 

Dunswart 

Pace Electronic 

Components (Pty) L:a 

P.O Box 6054 

Durswrt 1508 

Tel 52-7025. Telex, 8-7823 



TERMS OF SALS 


UNVOICE TERMS 

(a) Ail order-.. ore subject te’ the *.nai acceptance ay S'.ilfr'ri credit 
department 

(&) All ehirmo'ilG ait l-'.O u . SenWs ntant, unisu.-. at Pi i» wish slated 
hereon. 

(c) Tlx .-tenor foanivpi inn ;i(jht to main smpttients in pun or >n 
whole, ard lire Jiellor 1 ; invoices for sunk shipments shall bo ancopta.i 
ond paid bo rttederi'd witnovt '.'-laid 'a v/hethei c not this balance of ire 
crdtir is ohipred 

2. PRICES 

(a) fr-icr. ore based upon nhipmurts teing msde P.0.0 Seiler’:, 
oranls 

(D) Prices do no I include an/ Municipal. Suite, jr Fcdoral sales. us?, 
OXSteC Oi sir,iliar runt:;. Consequently. in addition to trio prices epfccilicd, 
the jpwhih! c-f sr-y pief.eni or future sales use cxdso or jliy oilier «.< 
IhaS o:ey e:= tpo w s*a'i bo ;te i! b> !!■ > fter-hiw or a itei mon»t 
the Furchaso- •-'/ provide 'be Soils' a 'ax excmplio? 1 cerfTiesio 
sccopisble to ‘fie lax.ny nulheiritins 

(c) The pu re of ihn mciPhendisw covered by (Ins eider is casco upon 
ths Seiler’s into’prom Mem of Hu# Purchaser's sseoiiicatiora 

fd) TheSe 't-r 't-srrves Hie itjjhl io invoke u mini's urn billing enmaa 
of $100,00 

(o) Seiler reserves (he right to invoke a minimum cancoUlilton chi’'30 
of $50.00 

3. DELIVERY SCHEDULE 

iaj Dales tsf snip,'mint are approximate and are subject l" tho Sabo 's 
nt-'ily !c conform to ssmo but Seller shall not recur any iiibility. ceo- 
acouentiai oi otherwise, duo so Seta? cr failure to ''e-ve- tor any reason 
All orders a:& S'iep'cd aabjrjct !c rtelitys odcaslc-ed by Li Ire.- strike'.,, 
5i»es. war crltacds accuionH ,!' tactc-y or any cnesns 'vh-itevo.r trey-vre 
the Sellers CDriteo; Poltvery irht.rtiiios are pradicetuq ..pon ’he Sellvr’u 
abii-ly to acrjirre materia 1 *. tools, dies sr.d eqifi'pm&r.i, whore noa&scary 
H the event <-■< ad y sue- isr^y bey end tere Suiter’s control, i te, date e! 


io the time Ion by reason d the dwloyr. 

(b) if Die Suiter does not recoivo . achedute from urn Purcniise- 
r-’bmpUy. 'ho rr.lo untf sehyfluU? of shipments will bo sol by the Suiter 

ic) Subject to cnangc batted uprr delay 'n prompt resuipr of 
approval ol sample 

id I Subject ’o ciiunoe uoor. any modiiicalten oi book Ideations previ¬ 
ously agreed upon b” delay n submission c tDeciflcs'tec snciomnfcte- 
te Efclter 

(c) Scnoi rosEfvei; in is light lo ovorahlp or unaorehip * quantity la wi¬ 
ling S®g o! lh« last scheduled roluase oi any order lor non-standard part* 

4, SHIPMENT 

(a) Unless specifies !na Cellar wilt setect U-t- morin si uansportBi’Or 1 
and Ihc Seller will notba rcEpcnsible for fillfcicnui:: sn cas! botwce’i 
mods or.d anclhsr 

(b) Tfe Seller ip rot responsible tor damuse V tets it tninnii and 
jrty such claint riie to be piocnc! by iho Purchaser viilh ihn carrier, whore 
shipment la n:-t:te r O.B. Sr,llo'’splcnl. 

5. INSPECTION AND ACCEPTANCE 

(a) it is u.tdc-re.'osd that the venditions ct tiio Furoieuerte inspoelKm 
o* lost oi ibt: material awn rod by lliis ordei shall be muliwlly n»rwi! 
iporr and l-V Cellrr rasor-r.’.s lire rpi'! to inspect inslari.i! r/iilch i'u 
Pu-chesar cte ms to be detnst'Vt.er Ibo L ‘uicr.aser‘. premisep nnrl docico 
v.hoteer or tot It should lie ’ce.teced Any required rupniif. yrh'Sli o« 
i'tlter's i“sr-POtten dctefiftines to be *he Purchase'’? risf:r r3iO,.V.v 
to n-ade r’ 'Ini Puichass? !. axpe-rr;.? and ■'>.! ’he c i f | !ti s gpIicp bp’d-" 
Pirchasorte premiiec 

lb) if the materia! revered by this mo c-' ? dQfeciu.= and tj-<- 
Seltc-r was ncifi-cd ol mich ikitoetf In wriling *iCim f*enty cays fram l>e 
c=ile of s**iprric-~ I. the Seller wdl tt »6scor»3ii.'lo j >'> for I”” cosib of 
repair .v isplscernsnl of trie finite*'n p.'Cs/ott, and m tub ewnl will Setter 
So l-.iMo ler *r.y oemfige cwBuciictial cr other,vies t>' tot tut rmounl in 
u-xcoss o’ iri yrct (at Iho hmoc' adiuMmiui) of ‘he dofoslivo i'enil-V 
7he So'Tu? win no! bn respenalb^ te- rmy chuiqes re-tuH'iKi from Urn use* 
tft etelscliic malarial 

lei Ho ir.niun.il nny »e reiurroo lor ureou ai-d ro rnnlurial .nay 
rolu'nmi to :!•*• stilur (or (lormctlon without the SeUur'a fJtfor written 
appiova' b"t f sties uniiutl'f.'r'ecd return Shipmer-te .wo n'hCle lo Bie 
S -’i'r !Vj f oil, ' rcni ivrn tee 'ghl .o refuse Ihc Rh'c n.jni M to tccori 
,i sir,:! i.- tec i-iitti n’we, the shpmcnt will ee hs d ss !ht PufShast' - ' 
Bros erty ,tnd -'..ihoul r-n.iprtnsibil-ly lo ihc Seder 

(d) A-- i no ted wu’i elm ms lo' slwrtapes nutt be reado v/i.hlu 

f.vt (5) s?,-s .-(Mr 'eccilp 1 of shipi’n.”! ease,o' as oiiitiv/isc con mined in 
teisTorniscfSrt-3 


8 . TOOLS 

Paymonl cl uu: tj'iiiei'r. ohargus 'or loom, aids juju, nxlurcs, elo 
and/or cabl|ipianl 'iiqiiifoil ffir Iho production of this, or other ardors 
doss not c&rivey uvnieiEhiP of ouch ilcms lo th«, Parciascr cor tho liglit 
to rsmovo >-..r,r.i frp.ni tho SeliiWf piaot, as such charges do not rep*f.sett 
prices Uiat would by shnrtjM for the sate ol such items «nd olionlinr-s 
represent the eosts Of rr,otlilications tind/o' additisns lo atondtird ’oois 
nr couipmcni 


7. CANCELLATION 

Canceljalion of lliis older lor any reason v.-naiaoovor will bo accepted 
only upon tortra |h,vt will frilly intfsmnlfv toe Sr'lcr 


8 . REMEDIES OF THE SELLER 

{a* If, at (ho Purchaser's request or let nny s-.her leaser, for which 
•ho Purehar.cr is re*i|iar,si&lB, produeiten or snip: ion; of litis order is Mold 
or delayed, the Seller reserves the right to imttiirdiMaV Invoiao the B ur- 
chaser for ra:r ? in ncrerdanca v.ilii Iha proviaiot.s of ClmiBo 7 above end 
payment ts be made premslly in ncccrdancc with this Terms of Sate 
Should In*- PurcnBr.cu reteasu !be hold or remove tec cduso (or dclBy ond 
she Seller ;,c..r.'otc w rcipstete tho order, tho scheouig of deliver/ will be 
set by lhe r.c-lar In accordance with the 'OflliiruMtnis i >1 the Sr.liOr’s then 
existing fnstory schedule 

is) If, in Dm Belter's ,uU|ir-.e.nt tbo PtiichS3cr'» rmnncioi condlitcn 
at any lime cnee net justify continuance cf product,on nr shipment o f ’(•« 
material covered by itnsi or ?.p> other of the purchUMir’c nr dm.'., If.o 
Seller resorvss tho right to require teli or parliul pnytorter 'n advance 
inc/o.' to will: hold fuitlior ahtpmfiota end stop product lor, in which cate 
the conditions cl Cdnceltotinij C-tausc 7 e bovn v.-i! iippiy 

•;c) II payment ol lhe Sellers invoico(c) far v-ipmenfs m pan or n 
whole is not made promptly and In ccMplutrc* witl' ihls form’, o' sots 
above, the Seller rfServuL tec rijhl tc wifhlioid hirihor shiprr.-.B'c r.-’dlw 
stop pred'.clior. and at thr, Selim’s sptlon. to require lull peynic'-i p 
accordanco- v/ih Clcuse 7 of Ibis Terms cf Sale It, «a a result of ttsn pur¬ 
chaser’s Uulurij to pay tor. ScilBt'c fowiccfs) promptly, I ho Sailer nicrs 
oroduniion ci this order and later agrees (o reltiSMiu it tho scheduled 
rate ot delivery will be ‘vt hv t r <- sober in accordance with tho reiiu 1 '*:- 
mr.r.ts of ths Sollar’s ihon oxir'i-ic factaiy schedule 

(di I! ul any tirtic prior to the dilo of initial oroduotion nfld/or chip 
men?, r,f th,*. order or »t any subsequent time during (no ODurso ol mis 
orde, there shall bo liled by or against the Purchaser in any Court, 
pursuant te> nny strltuif- ellhtr o’ lhe United Stales or ol ah’/ fliafo or 
Vtimiciruilijy a patilion of bartkrupfcy or Insr.lvensy, or ft)r ruor3.in ; 7a;ion, 
or lor tho appslntmijol of u recniver cr IijsIbc of all oi a coition of the 
Furclusor's proper/, or if the Purchoser makes sn ^ssignroertl for the 
bone'll of creditors lltir> order shall ir,so facie so cunccilcil end lentil- 
natsd and. In which event, neither the Purchaser nor any person claiming 


ihrougli or ur dar tho Purchaser or by virtue of any statute or an order o' 
any Court sha.'j be entillad to any rlgh's of the P-.,.*chaser's order and the 
Salter rCBeiVL-', tho right to Impose All .lpphoblo rtondilioits of |his Tairnc 
ol Sale, InLludlnp Oaiiueliistion Clause 7 above, so well sc to rotate rm 
partial liquidated da map os any payments, saciirily, deposits or mef-ief! 
received by lire SbIIew irom thu Purchaser or others in (lie purchusqi ‘s 
behalf 008 'nr,I ’his ordtir linouM tho recolvoi. Irustan tho operating 
committee, cr eihc* similar ngeney deslro fo roinsiate this order or eny 
unoomplefid portion thru on I,'lie Seller fes&ivoc the right |o either refute 
or accept such 'cquests for reterJatemHilt and, in the latter enso. lb 
detumuno what appropriate jrcdlts, if any. are to bo issued io ousel 
charges previously msd* ns heroin afcovo in this ilnusc previrtori for If 
;hc Solier ciccls to minstate tee order it in subject \o this Terms ol fsio 
and the schedule and rate ol delivery will be sol by i1>ej .'elicr In accot- 
dancc wUh tho requlremonU o- *fia Sc-ilar’a then cxisring liidcry -'.chftd'-te 
(e) |f the Seller Uecepie notes, irrrio accoptancqr- or of-t-r r.spci as 

option, upon deliiult in Ihr,- pa'srnoo* of any on* of ihisin, and fire ftell J ?r re¬ 
serves tire right Ic impose the conriitions o( Cancolfaiterr Ctauwt 7 above 

9, Tire termn anti cendii.oireet th.s order ocknowitidgmcr.i wponad* the 
teurchaser’s order, nnri lit. variaitoa af this agreemontshall bo v«MU|-” 
res sanre bo )n writing signed by a duly aothoruod olheur ol (no ^euci 

10. Gencu.T liiMiumont Corpornlion, wsrrnnli iifl rreylces fl n a, , ns ^; doJ J)‘ 1 ^' 
in malarial and woikmnnohlp lor a ported ol nihfily (90) d f>* I® ‘ 
ot cntcrtalmnonl typo devices.or cm. tD your In «» ?f I?5t!S1S5 
from 11.0 dale* ot ahipnf.nt provided drey nre used wilh.n fliolr ^ ,; J 

cm.1 MM mV* MMlIlton, MM M’"™"" 1 

Cerpomiion. Adjust moots K a " y ° r r Lrennu devtei.s teiuropd te./= c,0 »r 
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